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. .vDescrlptibn- ■ ■ ■ 

■ Tile present invention related to a purified themaostable enzyme having DMA polymerase* activity and a molecular 

weight of about 86,000-90,000;: 
s the present invention relates to a process for amplifying ex^^^^^ nucleic acld sequences if they are present in a 

test sample and detecting them if present by using a probe. More specifically it relates to a process for producing any 
particular nucleic acid sequence from a given sequence of DNA or RNA in amounts which are large compared to the 
amount Initially present so as to facilitate detection of the sequences, using a thermostable enzyme to catalyze the 
; rieaction. The DNA or RNA may be single- or double-stranded, and may be a relatively pure speciess or a component 
10 of a mixture of nucleic acids. The process of the invention utilizes a repetitive reaction to accomplish the amplification 
of the desired nucleic acid sequence. 

Extensive research has been conducted on the isolation of DNA polymerases from mesophilic microorganisms 
such as con. See, for.example, Bessnian et al. . J. Biol. Ghem . (1 957) 233:171-177 and: Butt in and Kornberg (1 966) 
J. Biol Chem: 241 :541 9-5427. ; . ■ 

15 : ; ■ jn contrasti relative ly; relatively in vestigafi^^^ been been made on the isolation and purification; of DNA 

poiymerases from thenmophiles, such as Thermus aquaticus . Kaledin et ial:.- iBbkhvmiva ;|1 980); 45:644-651 discloses : 
:i ; ; a six^step isoiatioh iand ipurificatioriiprocedure 
:::;:f :;;^:^;::;:;^^ pf crude;: extrac%^ 

:,::;;^^ 

; ;f6rc^ 
■ per rrionomeric unit. , . 

. |A purification schenrie ifofi;; a 

• (1 976) i 1 27:1:550-1 557. In this process • the crude extract is applied to a DEAE'Sephadex column: Theidialyzecl pooled 

::2S : 

;^^::: :::?x weight:;of:^ 

:: ^^^^^^^^ 

: ■ : . the:us;e:Of: a:thernn6stable: e amounts that are; liarge compared- . 

;::: :: :: >::io;the a^ 

30 , : Primers,: nU^ pplYmerase : are used in the: process, which; invoives denaturat synthesis 

<d terfipliartastran^ extension product Meach prirner becomes: a temp^^ 

vthe.desirednucleiciacid sequence :Th^ 

; ;:;it;need not be added: after e^^ 

: ;::-ord^^^ 

35 : ::is also described :by Sa^ et ah.: ; Science . 230 :1 350-1 354 ( 1 985), and by Saiki et al., Bio/Technology . 3:1 Qi3a-1 01 2.. 

"\(1 98^^^^^^^^^^^ ■ " ■ ■ ..j':^ .:■ ::;/;■ :^^;.:V^ ;•>/:■■ : "-;v:^ ^ 

Accordingly, there is :a:desire^^ 
improve the: diagnostic amplification process described above. 
:;Acebrdingly; the :present:jnventibn; presides p 
;,^p;. ica^lyzei:^ 

; :: : :-.:^^ their migration iin.;; 

.;:■;::: Sb5£ 
■J(95;00^ 

::■ :: : :imen^^^ Rreferably:the purified ehzyrne is : 

::^ : :;;::DNA polvmerase:^:f rnojecular v^eight pf :abput ;8^ 

;■';:,;:::;; m 

: :;: ;fr6rn:a given hu^^ acid sequence in amounts that are large: compared to the amburit initially: present:^^^^^ 

;■;:■:■;;;.; be . ■-'•■ :■-;. ::■:'■■ :;l ' . :■::...•■::.:: -v ..;■'■: ■ '.] J/i:.y'^-^^i..;::^:--^^ 

-;:::::■:■ 

;^^^::; ;::;^ 
;::;::;:;::::;■ ;.ei^^ 

::;fe/:;:;:f;^isa • r-^ '\ '''' "V:.: ;■■ ':- ■ : :■■: : ■■^■'^■■■''/^■^^^ '■^;V!:vy::;:^:'::S:: ^ .;-^-;\-:-:'i:: 

i.:;};:;:^;::t:||^^^^^^^^^^ 

:| ;: x or moire npn ic::jpp)yTT|e rici detergents^ : . 

}^-< , . , , ; The p^ 
■v.: :,:::;: sped 

:;;; >:: ;::: present : in the incubation mixtu the. DN A template. Also, the enzymes herein have a broa^derpH prof ile than that 
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of the thermostable enzyme from Theirnys aquaticus described in the literature/ yyrth more than 56% activity at 
. pH 7 as at pH a In addition, the thermostable enzyme herein can be stored in ;a buffer with non-ibnic detergents so 
that it is stable; not losinjg activity over a peric^ 

The present iriventlon resides in a process for amplifying one or more specific .nucleic acid sequences present in 
5 a nucleic acid or mixture thereof using priniers and a thermostable enzyme. The extension product of one primer when 
hybridized to the other becomes a template for the production of the desireci specific nucleic acid sequence, and vice 
versa, and the process is repeated as often as is necessary to produce the desired amount of the sequence. The 
method herein imp roves the specificity of the amplification reaction, resulting in a very distinct signal of amplified nucleic 
acid, in additibh, the method herein eliminates the need for transferring reagents f roin one vessel to another after each 
10 ampliiication cycle. Such transferring is hot reiquired because the thermostable enzyme will with^ tehri- 
' peratures required to denature the nucleic acid strands and therefore does not need rep lacerheht. Th 
cyclihgrnay, in addition, be automated for further reduction in manpower and steps reiquired to effiectuate the amplifi- 
• catiqh reaction. 

■ -More specifically, the present irivention: provides a prbcess for amplifying at least one specific nucleic acid sequence 
15 . cpntained -in a nucleic acid or a mixture of nucleic acids ; wherein if the nucleic acid is double^traihded; it consists of 
two separjated complementary strands of equal or une^^ 

: V 
.fm^^ 

iprimer^iAwheriii^ ;fronri;its cpmplernent, can serve ^s:a1^ 

: of tiie other primer, said €oh being ;at a ; terriperatu re - which ;;proif^^ 
complementary nucleic acid strand; 

25;L:: , : : ; 

^ : : fdrnri: primer e)rtension; products 

. s^ 

^(c) irnaintaining; the :rni>rtu re ;f rbiri^^^^^ ;(b) at an effective tempe ratu re iorari; effective ;ti me to activate the enzynne;;;-; 

Jp ; ' 

; ^ h^s ::; ahd at an effectiyei temperatureito sep^ 

y: , 

each primer to each of ithe single-stranded molecules produced in step (d); and 
' -i-^;^^^^ the mixture-frorTi:Step<e)^a^^ 

: ; as 'lib se^parate each extehisioh product from: its complementary :;strBrnd;temp^ (e) and ;(f):;ar:e ; 

V;; : :>The :steps;:(d);:<^ 

■ Hprefer^^ herein is-a polyrrierase extracted from: Therrnus aquaticus (Taq:p^ 

X : : ; p f^the; erizyme isi 1^: polymerase;; in iistep (a) this; nucleic acjd : strands are^ contacted i with a buff ercbirnj; >: 

xx^-:^;:-^^^ sart; 150;^2GG:}iM;ea 

. arecarriedibut at a^ steip (d);:is6arried bii^ 

i : i :: ;;; : :;.^^ 

/j p^^^ siequerice: being amplified/for an effectryo t^ 

; iiseqiieri^^^ 
■jVcanlse 

: : ::riucieic;;acids;it^ 
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. : In other embodim 
^specific nucleic acid sequence in a 

; betvyeen two different sequences in said sanriple, v\rfierein the sa^^ 
: or sequences, and iwherein if the nucleic acid(sy a^^ 
5 menlary strands of equal or unequal length/v^ V 

in ahnpiification in quantity of the specific nudeic acid sequence(s)^ if present; 

. . (g) adding to the product of step (f) a labeled oligonucleotide probe, for each sequence being detected, capable 
: of hybridizing to said sequence or to a niutation thereof; and . 
10 . . ■ " 

; ■ ; ;:(h) deterrnining whe^^ 

. . in yet another embodiment Jhe i^^^ 
one nucleotide variation in sequence in one or rnore nucleic acids^ 
; acid is double-stranded it corisists o^^ 
IS : process comprises: steps {a)-(f) nrientloned^ 
of tinnes to result in detectable anripl^^ 

. \ (g) affixing the product of,step (f) to a membra^^^ 

: cajDable of %bridizing vyith the amplified nucleic acid sequencfei only if a sequence of the'p robe is cbmple^ 

: : \. 25: ::^ 

to the rea^ avoids; extraction erf the nucleic ;acids: prior to reagent iaddi^ : : 

■; In a variation of this process,' the :primer(s);;aihd^ are labeled so that the ;reisu^ . >; 

; • ; :: ^^^^^ 

action mixture initially or added during a late^ 
■ -SO ' ; ,■ to a rhembi'ane and treated under hybi^idizatipn conditions vyith the labeled iamplification product so that hybridi-. 

: : zatibh wilj oqcur only if therm embrarie-bouhd^sequence is present in the ahiplificatioh product. . . ' / ' ■ :. . 

- In yet another emtxDdinrient/ the inye^ relates to a- process foi:; cloning ihtd a 

v. ■ : : : more specific nucleic acid sequence^^^ w'^^^^^.^^:^^;^^^^^^ :p^^^ 

' ; ; :: : : V ; Jh quantlty before cloning, Which process comprises steps ;(a)r(f) menti above, with steps (d), (e):and (f) being : : ; ;o 
repeated a sufficient hunnlDer' of times to resu^^^ 

to thc pipduct of Step (^ja restriction.enzynTie fo^ 

: " ' ;V ■■■■'•■■x-- -i- ■■''■\''t:\'-'^^iy'- ''iii''^^^^ 

■ (h) iigating the cleaved product{s) of; step (g); containing the specific sequence(sj to be cloned into one or rii6re> ■ 
.: cloning vectors coritairiing a jDrpmoter and a ;selectabie . marker ; . : - 

1 . > thc ihvention- Herein iTelates to 3 pfpcesis for cloning^^ 

: : .-y^^^ in quantity before cloning, whichlpro^ corriprisiesristeps (a)T(f) m 

bising repeated ia sufficient n uriibe r of timeis to res u It in effective ampi if ication [o\ the ri ucleic acid(s) contain ing : \ 

i^J; : ■vectors ^ ligase,;: said :arripllfied iseciuehce(s) '' ainid vector(s) being I present ih^sufficierit aiihburiis'tb; ; ^i; . 

} v;;; ,:r:.^'-'}/ii:{.:\ effect. the iHgation; ■ ' : ' .■■^■■^Vv.'- ■ ; ■ [ ' ■ - ■ ■ ; ' ' :. ,. -py':'!:--: '" ■-■i/f : .i't.},:': !/--V .-y- !W1 -'JC-M-^-^ "■■'■^■'■FK'-^lf. 

:. ■ ^ ^ the::inventibn iprbvides;^ pnatter useful 'in amplify speciific;;.' . 

• . triphosphates and one oligonucleotide primer for e^ 

product ^ynthesized f torn one primer; ivvhen; it ;is s^ can serve as a template for sy^ 
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. of the extension product of the other primer. 

In another product embodinrieht, the inventioh:provides a sampie of one or more riucleic acids c»mp^^^ 
strands of a specific nucleic acid sequence contained in the nucleic acid(s). The sample may comprise about i 0-1 00 
of the strands, about 100^1000 of the sitrands, or over about t 
5 In a further product embodiment, the invention provides an arihplified nucleic acid sequence from a nucleic acid or 

mixture of nucleic acids comprising multiple copies of the sequence produced by the anriplificatbn processes herein. 

Figure 1 is a restriction site map of plasmid pFC83 that contains the -4.5 kb Hindlll T aquaticus DNA insert 
subcloned into plasmid BSM13+. 

Figure 2 is a restriction site map off plasmid pFG85 that contains the --2.8 kb Hindlll to Asp718 T; aquaticus DNA 
10 insert subcloned into plasmid BSM1 3+.. 

As used herein, "cell", "cell tine", and 'cell culture" can be used interchangeably and all such designations. include 
progeny. ThuSi the words "transformants" or "transformed cells" includes the pirirnary subject cell and cultures derived 
therefrom without regard for the number of transfers. It is.also understood that all progeny may not be precisely identical 
in DNA content, due to deliberate or inadvertent mutations. Mutant progeny that have the same /functionality as 
15 screened for in the originally transformed cell are included. 

The term "control sequences" refers to DNA sequences necessary for the expression ot an operably linked cod^^ 
. sequence in a particular host organism: The control sequences that are suitable iforrprpc^ryptes, for example^^^^ 
::a prprhoter^ pptipnally ah operator sequence, a ribbsorne binding site, aridippssibly,; other as yet poorly understood 
: -: : : sGquences. Eucaiyotic colls 3^: kh 

;2b :; : :T 

: que nces in Operable linkage; so that hosts transformed with; t^ are icapabfe of producing the encoded 

. : pix)teins: In: order Ip effect'tra the exjpressidn systerti im . includtedipn a:yector^;hbwever,^:1^ 

. . DNA may then also: be integirated^^i^^ 
The term "gene" as used herein 
:: precursor The ipolypeptide c^ encoded by a full-length gene sequence or any: portim^ 
long as the enzymatic activity lis 
: "GDpierably linked" refers tpju)rt eorhponents ckh be perf^ 

■ a coding sequence "ppera^ 
;! ■ be expressed under the control of the se'qu ences, 
30 : : ^fslon-ionic polyhieric d^tei:cjents" riefers to surface-active agents that have no ionic charge and that are character- . 

ized, for purposes of this invention, by the 
' . about 9:5/ i preferably from, 4::to^^^^ 

The term; "oligonucleotide " as used herein is defined as a molecule cornprised ofiwo or more deoxyribonucleotkies : 
or ribonucleotides, preferably more than three: Its exact size will depend: on mainy factors,: which in turn depend on the : 
35 ultimate function or use of the oligonucleotide. The oligonucleotide may be derived synthetically or by clonic : ; 
The term-"primer^as:used herein reffersto an oligonucleo 
digest or produced synthetically which is capable ^o^^^^^ as a point of inrtiatiori ! of synthesis w^ 
conditions in' which synthesis of a p rimer: extension product which is cd acid strand is induced; . 

: i:e; ; in the presence of four different nucleotide triphosphates ahd thermostable^^^ 
40 ;: includes :pH,ioriic strength, cofac:tors^etC;):and 

: eirably contains 1 .5^2 mf^ of a magnesium salt, preferably MgCl2, 1 50-2(X) iiM of each nucleotide, and I pf each^ 
:•:■••.:.'.;:.••. pHmer. along with preferably 50 mM KGI, ; 10 mM Tris buff er, pH 8-8.4, and 1 00 iig/ni I gelatin ^ 
line primer: is; preferably single-stranded for niaximum efficiency: in iamplific^^ 
stranded; If double-stranded, the primer is first treated to sepjarate: its istrands: before being used to: pr^^ 
45 :. piroducts! Preferably, the primer is ^nipligodeoxyribonucleptide. The: prinner must b^^^ 
; thesis of extension products in the presence pf t^^ 

\pn :many factors; including temperature -^^is^ method!: For:exanriple; depehdin 

; complexity of the target sequence, :t^ oligonucleotide iprirriiertypically^c^ 
: -i : : containimorB or fewer nucleptidess^ S 
: SO : :. stabliB hybrid' compte iempjate: , . 

: The primers here jh are se 
: : v :::: :quence tp bp::ar^ 

;: tjve strands: The reifoi'e;^^ need:riGt;refibct:the::exiad 
:; V: : cpmplementairy::n^ may biB.:attached::to :^ 

:^5:: .-sequence: b;ein&^ 
: 'interepersedH^ 
: the strand to: iDe:^rT^ 
: : the bth^r prim 
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typically have exact complementarity to obtain the beist results; • 

As used hereiri/the terms "restriction eh refer to bacterial enzymes ;each 

of which cut double-stranded DN A at Of near a sp 

As used hereiin; the term>DNA:p6lymorphism^^efers;to the^^^^^^^ more different nucleotide 

5 sequences can exist at a particular site in DNA. 

As used herein, the: term "nucleotide variation ;in sequence" refersto any single or multiple nucleotide substitutions, 
deletions. or insertions. These nucleotide variations may be mutant or polymorphic allele variations, therefore, the 
process herein can detect single nucleotide changes In nucleic acids such as occur in p-globin genetic diseases caused 
by single^base mutations, additions or deletions (some p-thalassemiaSi sickle cell anemia, hemoglobin C disease, 
10 etc.), as well as multiple-base variations such as are involved with a-thalassemia or some p-thalassemias. In addition; 
the: process herein can detect polymorphisms, which are not necessarily associated with a disease, but ; are merely a 
condition in which two or more different nucleotide sequences (whether deleted or inserted nucie-: 

otide base pairs) can exist at a particular site in: the nucleic acid in the population, as with HLA regions of the human 
genome and random polymorphisms such as mitochondrial DNA; The polymorph i 
?5 probes described: in detail: hereinafter may :be used :to: detect; genetic markers: linked ^to a^ d 
dependent diabetis meltitus or in forensic applications; If the nucleic acid ^^i^ 
In sequence becomes a base pair variation in sequence. 
: ;: Thetenrn? 

whether or not contained on alleles; which sequences span; the 
20 ; the sequence variation; being detected;: Depending on 

oligonucleotides may be employed for each sequence, as described further herelnbelow. 

As used herein, the thie term "restriction fragment length polyrtiprphism" ("Rf^LP") refers to the differences among 
individuals in the lengths of restriction fragments formed by digestion with a particular restrict bn endbnuclease. 
As used herein, the term thermostable enzyme" refers to an enzyme which is stable to heat and is heat resistant 
25 and catalyzes (facilitates) combination of the nucleotides in the proper manner to form the primer extension products 
that are complementary to each nucleic acid strand. Generally, the synthesis will be initiated at the 3' end of each 
primer and will proceed iri the 5' direction along the template strand, until synthesis terminates, producing molecules 
: of different lengths; There maybe at 
in the other direction, using the same process as described above. . . :. 
50 The thermostable enzyme herein must satisfy a single criterion to be effective for the amplification reaction, i.e., 

; ; the:enzyme;must not become irreversibly denatured (inactivated) when subjected to the e 
lime necessary to effect ;denaturation of doubterstrahded nucleic: a^ 
:; refers to pernianent; and complete 
: - depend, 6; g:v on the buffer salt c 

nucleic acid length, typically about 0;5 to four rninutes. Higher temperatures may be tolerated as the buffer salt con- 
: centration and/or GG composition of the nucleic acid is increased: Preferably, the ;enzym 
denatured at about 90-100*0. 

^;:>^^^i^^^^^^^^;^^^ : ; T^ 
4? : ; : about 40°C, wbi^^ 
;:m 

; tenriperature (e.g., 45-70*0). The higher the temperature optimum for the enzyme; the griaater the specificity and/or 
>>:: : : :selectivity df th 

; : ; also with in the; scope of this Invention provided they are heatTStable;::Pre^^ 
45 about.50 to 90*0, more preferably 60-8b°C. 

The thermostable enzyme herein may be obtained from any source and may be a native or recombinant protein.: 
: ; ; :x:ExarnpIes;of ;e 

ases, such as, e.g., polymerases extracted from the thermophilic bacteria Thermus flavus, Thermus ruber . Thermus 
thermophilus . Thermus aquaticus . Thermus lacteus and Thermus rubens . 

^f? : : : ;;: :;:;:; 

: : thereof are available from thiB American: Type Culture Collect Maryland, and is described by TD: Brcick, 

:, ■ J. Bact. ( 1.969) 98:289^297. and by f: Qshirina; Arch. MicrobioL (1 978) 1 17:: 1 89^1 96: One of these preferired: strains is : 
■ : Strain ;Ytr1 _ ■ . [ /■ V' ■•'::':.•' r;:^ ■ . :.' ■ - t'/ /\- " ' U-'- ''.^---^y. ■ ' 

by : Ka ledih: et al ; iBiokh im iya (1 960). supra . - Brief Iv. the ceils are grown oh a medium, ih ohe liter, of n 
(iOO mg)i ;tify (50 mg), ribo^^ 

mg), MgS64(^ C^CI^ (222 mg), NaCI (20 irig), and trace :elements^^^ 
P;2 iwith KQH- fh 
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. 70°C.Ge!is in thelate logarithm 
whhia buffer and stor^^^ 

In another method for growing ithe cells, described In Chien et al., J. Bacteriol .d 976). supra , a defined mineral 
saltis medium containing 0!3% glutamic acid s^^ 
5 acid is emptoyed. The salts include hitrilotri^^ 

NaMo04, CoClg, FeGIg; MnS04, and Na2HP04. The pH^o^ 

;ln the Chien et al. technique, the cells are grown initially at 75°G in a.water bath shaker On reaching a certain 
density, 1 liter of these cells is transferred to 16-liter carboys which are placed in hot-air incubiators. Sterile air is bubbled 
through the cultures and the tenriperature maintained at 75*C, The cells are allowed to ^g 
10 collected by centi^ifuge. 

After ceil growth, the isolation and purification of the ^^e^^ 
at a temperature below room temperature, preferably about 4°C. 
: In: the first stage. or step, the; cells, jff^f^^ are-thawed, disintegrated ; by ultrasound, suspended in a 
^. a^ 

.75 In the second stage, the supernatant is collected 

' : sulfate; Tlie apprdpriate f^ 

: buffer preferably at pH 6.5, and dialyzed against the same buffer;^ ^^^^^^^^^ 

; xceillulG^e; column equilib^ Thehlhe cotumn is washed with the sanrie buiffer;. ,^ 

>0y^y--::^^ dialyzed>v:V -ib 

.:■ :;atgaihst siti 0 mM potassium pfi^ sarrie iingredierits: as the first b • • ■ r^^ 

M^^^^ step; tjie/fraction; SO collect 

; for dialysis in the third step/ The colijmn is then :>washed and the : enzyme elutedl wjth a linear gradient of a buffer suchi;;: 1:^^ 
• as 0.01 M tobiS M potassium phosphate buffer at pH 7.5 containing^ ^ and 5% glycerine,; Th(B : : 

;::- ::;;^ :>';:V-v.'v'^^'- ; pooled fractions containlhgithermost diatyzed against the sanie buffer • 

'■■.'^^ 

!; V;;;: {^^ stage, the ;djaiirzed ffactiori ■ 

v ; dialysis in the thiixj step: T^ suchias ; : 

.0.01 too.6 m^:k^ 

; iv^ : ; : i ' 30 : ■ tested for contenriinating dec^ For example^- : 

X S^or supercoiled pl^ activity rnay; ■ 

vi;.;be:determiried electrpph restriction' enzymi^ . 

-ithat cleaves; at several sites. - 'v ■ • ■ 

: ; 35 f The fractions determined to have no deb>^rib6riuclease activrt^ dialyzed against the same bufifer 

■■ \;'yv' used in theithird step. 

: 1^ stepMhe pooled fraetionsare placed^ ; 

.ir jitbuffera^ activity are . . 

V.':V.:: :<^o.:.:,:::':dialyzed a buffer at pH'8-.O.'; .. 

: ThejTipjecular weight of the; dialyzed product :nnay be deteirniined by any technique, for example,- by SDS FV\GE ; ; .. ! 
- using protein rtiolecuiar weight- ri^ The; nn6lecular weight of one of ^^t^^^ enzymes herein/ the. DNA ; ' 

y ; x: poiymerasei pui'ified from Thernaus;aquaticus .;;is;determ be about 86it)p6r90, 000 daltoihs. ■ 

; . ::: ■ ;;;^^^^:; 1^ BS-lho gehe; ; ; 

V ^>;.^^^ enzyme: has; been cloned f roim ThenmusVaquaticus igenohriic DNAi- The bom . 

: : ;;;::;;;ttie :11iermus : aqua^ (l^q) ppjymeraise-ca^ ■■ ;^ 

: : y;::^'^^;^^:' :: ;k^^^ 

y^:i^b%^^^^^ 1987 and has accession ;. 

i;;:! ! :;; ; ;; .:;. 

jv:?.;-;; t; restriction : 

?:>i;|;;b::;;:;-:^.;::^ ;;:;■ 
P ^;:5^^^^^^^^^^^ 

biologically, active gehe product with the desired enzymatic activity. Aminp-terminal deletions wherein approximately 
: :> ; ; in; prcKiucing-ia 'geha in polymerase ' 




In .additibn to the Nrterminai peptide chain comprising Taq polymer- 

. ase may be modifiiBd by pxidatioh^reduction; or other der arid the protein nnay be cleaved to obtain fragrriehis: 

:that;retain activity. Such alterations that do not destroy activity dp riot remove the DN A sequence encoding such protein 
from the definition of i^gene. 

5 Thus, modificatidnis to the primary structure itself by ideletion; addition, or alteration of the amino aeids; iricbrpGrsited 

into the sequence during translation can be nnade without destroying the activity of the protein. Such substitutidns or 
other alterations result in protiBiris having m anriino acid sequence- encoded by DNA falling within the contemplated 
scope of the present invention. 

Polyclonal antiserum from rabbits irnmunized . with the purified 86.000-90,000 dalton polymerase of this invention 
10 was used to probe a Thermus aquaticus partial genomic expression library to obtain the appropriate coding sequence 
as described below. TTie cioried genomic sequence can be expressed as a fusion polypeptide, expressed directly using 
r its own control sequences, or expressed by constructions- using control sequences appropriate to the particular host 
. ; . used^ 

Of course, the availability of DNA: ehcpd sequences provides the opportunity to modify the codon se- 

^5 :quehcesoastogeri 

■ vector coding sequence expressed. : It is also 

:e^ 

: : > : ;; :; : y 

: :e 

:;; isequence inj the T^ 

; :;a Obtain hybrid izatioh: ; 

under 

:;>;:;■;:;;■ supp^ 

: : : Suitable- Hosts. Control Systems and^ Methods " 

:.; ;ln general :terms^ th^ : , ■ ■ 

: viFirs^^^^ 

■ : ■ ,P 

: .controlled conditibns;:(such;a 

; ^ 

: : :;. ^sequericesf in arepjicable e^ 

; cultured; ynder;fav6irable cphditions tO; effect the production of -the^-reconn Optionally the : l^q 

polymerase is isolated fro cells; recovery and purification of the protein may not be necessary" 

. ; , in some:;iristances,.Where:sbme impurities may be tolerated; 

./■.■...v^r 

-.I,::- g"^ toJnseft-irit6'these;ve^ v ;:' ' , 

■ Rrpcaryptic hpst^^^ :;ii7ios;t:e^ reconribinant firoteins; arid ■ 



,..:;.:-ge^^ 

: ; ; as i fs ;that i^equence, : Sirice it '. is clear that; certain N^termina 

:;:;:;:.;•;:::;;;;:;::: Sl^ 
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■ Control: Sequencesiand Correspond ing Hosts 

. Prdcaryotes HTK^ are represented by various strains of E. coli: However, other microbial strains; may:: : 

also be used, such as bacilli, for exarhple. Bacillus subti lis , various species of Pseudomonas . or other bacterial strains. 
5 In such procaryotlc systems, plasmid vectors that contain replication sites arid control sequerices derived from a species 
. cprinpatible with the host are used; For example, E. coli is typically transformed using derivatives of pBR32i2, a plasmid 
derived from an E. coli species bv Bolivar. et aL. Gene (19771 2:95. pBR322 contains genes for ampicillin and tetra- 
cycline resistance, and thus provides additional markers that can be either retained or destroyed in constructing the 
desiried vector. Commonly used procaryotie control; sequences, which are d 
10 . scription initiation, optionally with an operator, along with ribosome binding site sequences, include such commonly 
used promb^ (penicillinase) and lactose (lac) promoter systems (Chang, et al.,N[ature ( 1977) 

1 98:1056). the tryptophan (trp) promoter system (Goeddel, et al: . N ucleic Acids Res. (1980) 8:4057) and the lambda- 
derived Pi promoter (Shimatake. et al.. Nature 11981)^2 
made useful as a :portable control cassettie,: which comprises a first D 
: ?5 : Jinked to a: second DNA sequence corresponding ;to NR^^^ third DNA sequence having at least one ■■. 

restriction site that pe^ 

;;:;;: > ;^;^^^-^^^^^:^;^^: ::> 196)864 published Octbber::8; :1 986, assign 'y_^ 

^^1' ? ;;tq;the ;sa^ 

:;:;^i;; 
::;;;::;:;x;:; 

::: : :other plasm et al., Nature (1979) ■ 

- :- .^^:^• v.:^ ah. Meth. :Enz: (1983) .101:300). Control s^iiiehces;; 

■ ii Jbryeastyed^ is of ; glycolytic: enzymes (Hess-iet al:," j: Adv. ;Enzvrne^Reg: : 

: ;|:rU^^% et aLC Biotechriology (1 978) j i 7:4900).^ 

3-ph6sphogiyeeriate;kiria[se: (HiU 

: : ;: >^ :: : 

: > ; !; isomerase;;3-phosphpglyc^ : 

' :: ::;:,:! : vnnetati61ism-;;arid:enzy : 

: : 3' snd of the codlng sequences. Si^ 

;:^:;^:;^^^^ 

(Hollahd; M. J. .VBt al., : 

:.::::/ J: Biol;.Cherri^ i(1981) 256:1385) or the: LEU2 gene obtained from YEpIS (Broach. J., etal., Gene (1978) 8:121); hpw- 
x^:: replication, andother: control sequenipes issuitable:; ;^^ 

: ; : Itis also expiTess genes encoding polypcptldes in eucaryotic hostcejl cultures derive 

^:^^ -:-:: % Culture ; Academic Press; Cruz and Patterson; editors (1 973)/ Useful,: ' 

; iv^^^x- :^^ 

;:::::;:;:.-;^:;:;-^;:J:^^::*:;;^ 

;:5!f : f:::|;:^ : J 
; ■ :^ ;: :; ; :::: 

:;:; :::;:;^^:: 
V 

v;::;;:.;^ that "enhancer^reglons are IrT 

; :;:;;:;::; ::: 

::7 ;-■::■ ■ ' '-^^^o^^jM. in' eucaryotes:^; ';; :■•;.• ■ ■■ > ■ ■ ^ijyy- . j 1 , ; ' ; ; . X '^0' r : ' ': , ! l;.- ■'■H ' : ■ . ■■ Z'-'^. , ■ ' _ V-;; ": ■ ■* ^;^| ■ 

:?:::HHi: , ;: : V 

eds,; Plenum 

;;i::;i:;::;:;:::;:;:| 277-:297)4:1^ I in prpducihg Taq polymer^^^ .: : :■ 
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Transfonmations 

Depending on the host cell used, transfonmat ion is done using standard techniques appropriate to such cells: 
calciunn treatment employing calcium chloride, as described by Cohen, S/.N.. PrQc. Natl. Acad. Sci: (USA) (1972) 69: 
2110 is used for procaryotes or other cells that contain substantial ceil wall barriers. Infection with Agrobacterium 
tymefaciens (Shaw, C. H., et al . Gene (1983) 23:315) is used for certain plant cells For mammalian cells without such 
cell walls, the calcium phosphate precipitation method of Graham and van der Eb. Virology (1978) 52:546 is preferred 
Transformations into yeast are carried out according to the method of \/an Solingen, P. , et al. . J: Bact. (1 977) 130:946 
and Hsiao. C. L. et al.. Proc. Natl. Acad. Set. (USA) (1979) 76:3829■ 
Construction of a Xgttl Expression Library 



The strategy for isolating DN A encoding desired proteins, such as the Taq polymerase encoding DN A, using the 
bacteriophage vector lambda gtllv is asifoliows. A I can be constructed of :;EcoF^l^f Ian ked Alul fragments, gener- 
: ated by complete digestion of Thermus aquattcus DNA; inserted at the EcoRt site; in; the lambda gtl I phage (^^ 
: Davis. Proc: Natl; Acad Sci USA (1983) 80:1 194-11 98)! Because the unique EcdiRI site in this bacteriophage Is located 
^ ■ - in the:carbbxyl-tenTiin^^^ 

-pressedaslprot^ -■■-^.■■^I'Kf^:^^ 
- , ; . ; Genomic expression 
: ^OV:.;- 6f::this^ 

; the; phage;' t 

: screened with aritibodles tHat^^^^ 

■ : DNA segments encoding the -iantigen ic determiriants ■ of th is protein . , . . 

: ■ : App rcixi niately 2 x;1 OS reconibihant phage; are screened using total rabbit^T^^^ ariti serunri : In th is p rirhary; ; 

;-^5 : screen; positive signals^re; d 
: ^ -failed toTeaet with pre 

r ■ ;:; : ■;> b 

inciuctioh-pf 

;-:a new:protein, not f^ sequehcefemay ;resu^^ 

M are picked;; in this case; bne^ 

recombinants and the-purified blpnieiSiy^ size class via digestion ; with i|co 

cari then ;be nriade of the isoj^ 
cbriventibnai colony or plaq[ue hybridization assays d 
/;(1982):;. -v: ^ ■{ \ . ; ;;■■■- >■■ 

■35 . The labeled probe was used :t0; probe a second genomic library; constructed in a ;Gharon; 35:;bad^^ (Wil- v 

helminp.: A. fyl. et al, , Gene (1 983);^:1 71 -1 79). This lib^ made frpni SauSA partial; digestions^ 

: mus aquaiticus iDNA and;size;ffa^^ 
phage: The p robie was ;used phage containing DNA encoding the Taq^ jDolyrheriase j;;©!!© of th e ; fesLi Iti ng phagei ; 

; designated ; GH35:Taq#4:-2, ; was found to; contain the entire gene sequence: Partial sequences erico^ of;; 
.,. the:protein^ 

■^:Ve■ct'or. Construct ion.. ' .^^ 



55, 



45 andirestrictib^^^^ 

■ -gonucleolicies ^ in the form desired; : ; 

:::::,:;;;;& 

; ; ditipris that are:;g(Bnerally;u 

;■;:;,;;;;; -comm 

:::;;;:;;-^^^^ 

;; : : : ;:; ;:pf:a^ 

::;■;■ - pfcl^inii^ 
;.::;■-: ;.r 

may;bie:perfQr^ 

tlgn;;crf::size;-Sep^ iri Methods in ;En^ ^:4?9^560S^^ 

: ;- Restrictipn 
l;(Klenow);;in;th^ 
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25 minutes at 20 to SSX in 50 nnM TrispH 7:6/ 56 mM :NaCI, IG^m 

Klenbw fragment fills in at 5' sticky ends, but chews back protruding 3' single strands; even though the foiir dfslTPs are 
present. If desired, selective repair can be performed by supplying only one of the, or selected, dNTPs within the 
limitations dictated by the nature of the sticky ends. After t 
s chlbroform.and ethanol precipitated. Treatment under appropriate conditions with SI nuclease results iri hydrolysis of 
any sihgle-stranded portion. 

Synthetic oligonucleotides rnay be prepared using the triester method of Matteucci, et a!;, (J. Am. Chem. Sdc. 
(1981) 103 :3185-3191) or using automated: synthesis methods. Kinasing of single strands prior to arihealing or: for 
labeling is achieved using an excess, e.g. , apprpximately 10 units of polynucleotide kinase to 1 nM subistrate in the 
10 presence of 50 mM Tris, pH 7.6, 10 mM:MgGl2, 5 mM dithiothreitol, 1 -2 mM ATP. If kinasing is for labeling of probe, 
the ATP will contain high specific activity 

Ligations are performed in 1 5^30 fil volumes under the following standard conditions and temperatures: 20 mM 
Tris-Gl pH7.5, lO mM MgClgi 10 mM DTT, 33 ^g/ml B^^^ 10 mM -50 m 1^/1 NaCl, and either. 4P:^tA/l A^ 
units T4 DNA |igase at O^G (for "sticky^:^^^ ligase at :14°C :(for 

15 "blunt end" ligation). Intermolecular "sticky end'' ligations are usually: p concentra- 

■ tidns (5-1 C)0: nh/l total end concentration j: jjhternridlecufer ; blunt (usually employing a 1 G-30! fold molar 
. excess of linkers) are performs 

;l I n vector conistruGtioin ehriplpying:^rec^ 
: :; ; :"ph6spha^ ; 
^^2q > ;::;ducted:at pH 8; i^ 

;:■:;?:. :.digested b/: additional festrictionenz^ 

25: ' -. Modification of DNA Sequerices . • ;.■ 

; > :Fpr portions; of'. 
. pi'imer-directed rriukgenesis is;^^ 

: :\ 1^ 

30 :, ing, represeritihg the desifiBd iTiUtation.-^^ used as a: prirner . to direct- synthesis :of. 

^ ; K 

host bacterium; Cultures of the transformed baicteria ar plated ln tbp agar; permitting plaque formation from 
cells that harbor the phage, ■ 
Theorellcally, !56% o^^^^ 
55 . vvill have;thepri 

. synthetic primer;at :a terriperature that mismatches with; the^; 

original strand are sufficient to prwenlh^ 

■ ■ and■the:bNA■iS:■recovered:■"■:■:^' 

40. _ : ; Verification of Construction ; 

; ; In; the^ constructions iset: forth ;b first transforming : 

: ; :&. con strain :MM^ 

. : icillin, tetracycline;6r othei";^^^^ depending on the nrvode of plasmid construction; 

;;'^ as: is understped in ithe art;^ 

B.. et al;.: Pr6C' ;Natl. AGad: :3ci:;i^ 
j: B;; J; BacterioiJ (1972) ;l i 0:667^^^ 

■ of;Sangi9r;:F%,;et:al; 

Res: (1981) 9:309. or by the method of M fOiethods in Ehzvnribloqv (1980) 65:499. 

■ Host Exisniplified -l : VV'' .;v -:i ■^■■; /^^^^^^^^^^ 
; ,; :;Host 

; ;■; :;:;F^r:plpriing^ ;sequehcingi ^ an^^^ prpfTrtQtiers3E::;(X)li;;y 
:.::55:,:; strain; MM 

■ ■ ■ .cpntrqiipf % 

: ;. : . be mused : I?^;' > 

■ ■For Mi is phage Tec 
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so 



. employed: The DG98 strain has been deposited with ATCG July 1 3. 1984 and has accession nunnber 39768. 
Mammalian expression can be acconriphshed in GOS-^ 
expression-in Spodopterafruglpeida ). 

5 Stabilization of Enzyme Activity 

For !ong-term stability, the enzyme herein must be stored in a buffer that contains one or more non-Ionic polymeric 
detergents. Such detergents are geiierally those that have a molecular weight in the .range of approximatisly 100 to 
2501000, preferably about 4,000 to -200.000 daltons.and sitabilize the enzyme at a pH of from about 3:5 to about 9.5 

10 preferably from about 4 to 8:5 Examples of such detergents include those specified on pages 295-298 of; McCutcheon's 
Emulsifiers & Detergehts . North: American edition (1 983), published by the McGutcheon Division of MC Publishing Co., 
1 75 Rock Road; Glen Flock, N J (USA), the entire disclosure of which is iricprporated herein by reference.: Preferably, 
the;detergehts are selected from the group comprising ethoxylated fatty alcohol: ethers and lauryl ethers, ethoxYlated 
atkyl phenols, <>:tylphenoxypo!yethoxyethanol cornpounds, modified bxyethylated and/or oxypropylated straight-^ 

'5 atcohols, polyethylene glycol monooleate corinpounds, polysorbate corripounds, and ph enolic fatty: alcohol ethers,: More 
particularly preferred are iTween 2p;:fronn l^ 
umpnojaurate^and 1^ 

: (nonyi)/. :\ ■■ ' . • ' ' . ■ ■. ■ . ■ . ■ / ■ . / . ' . ; ;V " : ''■:.[ ■ • 

pie thermbstabje: enzyme;of4^ 

; ,beiow!;.i .'. . v!' '■.i;,. • ; . . : ;-■ ■. -;''"^V;''.' . : . • ■■\''\J:\' ' .' ■'■y--/y ; '■: ' . y.'-y-:-yy ■ ; "■ . 

AiTiplification Prbtcicbl : ■ • . 

: the!: enzyme he re^^^^ 
o I lh:;general;;;;the:;^mplificatib 

; ir^: ; - t 

■:30 -:- : sequence are known in sufificient detail that oligonucleotides: cis^ be; sy^ ■ 
;that asmallamoiih 

ia d 

^:;:^^ acid(s);:;provided 
; ; it contains or Is suspected to contain 
.35; : : : exam 

: ;; ■ ; ^> a^ hybrid; which contains one stra 

: :; ; ; , may;ais;p be empl^ 

^^^^^; ; ;: : d 
^^^^;:;;;; ! ;i 

■■:^;-.:;nucleica€id... -'^^^ .: ' .-■■'rv 'V ' '■ '■ ■ 'f:'"--"-. 

; ;< :;:; ::: ;;:V^ 

;;::;;:.h ; jpf a^;t^ 
;;: ; v;;:y 

;r; organism might constitute only a yery:^m 
:;;?5: : ; niay ecintajn;;rnor 

; ; : : ; ; : ; am 

:^:vv;: i-;^ ; 
\-:\nucjeic:acidmbt€rcules^ ;■■':'' ■; ; --v -H-: ■ 

:;:;;-::;^ ::. ; ;;Pf:^ 

;;: :; i ;;;l;b^^^ ; . ;;;;;;■: 

. : r:' Jrprob are;-sjpecific to the:cellsVmay::be^^^ 

:;!;.;; :;;>;|;;:;:d^ 

;;5f^^ :; :9^^ 

:.;:;s^p.^iUie|a^ 
:;:::;;;::;;: ;:su faases at bbthjiBrid^^ 
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can .be prepared whjch- Will hybridizb 

sequence such that an extension pi^ 

pItBment); can serve as a template .to^ 

greater the knowledge alx5Ut the base^ 
s for the Wget nucleic acjd sequence, a 

It will be understood that the word "pnmerVas used hereinafter m 

the case where there is some ambiguity in the information regarding the terminal sequence(s) of the fragment to be 

ampilified For instance, in -the case where a nucleic acid sequence Is inferred from pro 

colfection of primers containing sequences representing all^p 
10 gen etic code will be used for each strand: One primer from this c6l^ : 

sequence to be amplifiiBd. ; . . 

The oligonucleotide primers rhay be prepareid using any suitable method, such as^ 

andphosphodiester methods described above, or automated embodiments thereof . In one such automated embodi- . : 

merit, diethylphosphoramiditeis are: used as starting materials arid nnay be syrithesized as described by Beaucage el- 
IS : ar:: Tetrahedron Letters (1 981)^22:1859-1 862. O solid supt:;:::^ : -- 

port is:described iri: UiS; Patent No.: 4,458;G66. It is also possible.to use a primer which has: been isolatied from la -^;^ 

;biolpgic^rsource (sUch::^^^^ ; 

sequence as a template: 

: , The ifirist: step; jnvoly 

; : :;^;:^^ 

V : V p^ . 

^^^>^^^^^^^^^-:vT^ syrithesis 
5; > : . ' : ;7T)9i;rriost prof embty about Qyjpre^ 

I:.:;;:.::;;:::: 0®:! pirirr)iBr:tempIate);pf;the^ 

j may nqtibe lOT the . 

■:ampunt :6f complementa^^ vyith: certainty; ;As^^ matter,: however- - the; arnpu^^^ 

■ l::pr|nriiBradd 

:i;;i;: ;::f\^; : 

■ 50t2G0 |iM.: each ■ in the :buffer for arnplification anibvi^^; :: 

:■■:: : ::^^^^^^^ :1:5-2 mM to increase the : efficiency .and specff^ ■::■:>; 

;: :: :;:^:^:^^^:^:^^y : :;^^^^ ■ 
35^^^^:; 
y ■ ; tiaact^^ 
: . plate) isequie^^ 

effective time; gene rally one^a|f: to five minutes, ^:p^ 45t58**C is : used f or Taq 

pd^iynrierase arid >1 Sprier pi-imers to increase the specif i 

i; x.\ .^^ ^ -y \ ^ ■ , .... ■■■^ ■:■■■.■■■-....■:'",■.■ 

: ; . : : by adding prie;:or twp;Oligonucle9: : : ; 

, : ■ : : , : : :o^ 

;;;:;:::;; :;::;^^^^^^ 

;:0 :.;::: :<^::-;: .:^^ 

/: } : length;! rriay then:be;separated::fntp.:3i^ jhAro single::separated coni^ 

: ; : ^:; : :: ■ ::^ 

^ reaction ; carried :dut/--: , ^: }••■:■. -^^ ^-"^y- 

::: : :;">^^ 

;;;:;;::;:;:;;:H r:..^V^ 

::::;;:;:;;i::;;!k:k^^^^^ 

:! 00*C for OiSito 3 nriiriules.::Strand separation nriay also be induced by Ian !e^ class of 

|l;::::;:p::;:;:;^ 

; : 55,, /to .dejiatu^ DN A: The reaction ::icpridit^ oif ;hucieic,: acids;: wi^ :aire de- .; 

rj ^techriiqijes 

• ;:^-->dijces:tviro:se compleriientai^^strands -of^^ , ' 
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|f;the d6ubl^;^stranded nucleic acid by heat, the reabtion mi)rture is aH ■ ! : 

which-promotes hybridization of each primer pres^e^^^^ ' 
tui^e is usually fronri about 35°C to 65"e or miDre. depending on reagents/^ 
time, generally 0:5 to Smiriutes. and preferablyl -3 mintrt^ 
5 about 95*C to as low as 37'C, preferably to about 45-58*C for Taq pofy^ 
aturei within this range. 

Whether the nucleic acid is single- or double-stranded, the thermostable enzyme may be added at the denatu ration 
step: or when the ternperature is being reduced to or is. in the riange for promoting hybridization. The reaction mixture 
is then heated to a temperature at which the activity of the enzyme is promoted or optimized, i.e., a temperature 
10 sufficient to increase the activity of the enzyme in facilitating synthesis of the primer extension products from the hy- 
•bridized prinner and template. The temperature must actually be sufficient to synthesize an extension product of each 
;:primer which is complementary to each nucleic acid template, but must not be so high as to denature each extension 
: . ; : product from its cpmplementa^ 

. ipepending mainly on the types of ehiyme an^ the typical temperature effective for this 

15 ... synthesis reaction generally preferably 50-75'* G; The temperature more preferably 

: - r^ aquaticus is employed. The period of time required 

synthesis nriay range from a^ depending rriainly ofi; the tehiperature.ithe ieri^th- . , 

: :N^<^^^ erizyn^e and the complexity of the hucIeiC: acid mixture.: preferabV; one to three: minuteis^ -If ^t^^^ 

: nucleic acid:;islonger,.ailongerti^ is generally required. The. presence of dimethylsu If oxide (pMSC>):is noty. 

The ne^ stra^nd and; its. cbmplennentaiy aicid strarid forrn- a: dbiible-sti^ ' '■ ; ■ , ^ 

]^^Qpa(ale6}y^^e^ denaturation at a temperature effectivi^ to der^ature the molecule, but not so high that thi^thermpsta-: ' 

timiB; for denatu ration typically ranges from 0.5 to four minutes, depending mainly on the temperature and nucleic acid ■ ■ 

; -' '':;:-;;:1ength,-;:....V/'--^ :, . ' : /. ■ :■ - v ;• ;■■ '■'■■^ y: - ■ ' \. .'■''''y^-': ■■■^ 

;:: TVfter t^ the::pnrtier to its co^ 

V :;;^ ; is :;effective;:to; promote ; the; activity of; the Ihermpstable enzyme to enable; synthesis- bfija -primer p ■ % 

; ;> ^^xtensioii;pr^ 

not be so high as to separate (denatijreV^^ 
: : : :46:to;80xC fbr0:5 tQi4d 50 to 70°G for one-three minutes): Hybridization may^^^^ 

; 35 : ;::;:;step,' ;s^^ of cooling after denatu ration is not required. In such a case, using simultaneous steps, V . 

;; /IThehe^ting andcooling steps^b^^ 
■.:>; :ia^ the specific nucleic acid sequence,;depending;on the uftimate^- ;;! ^^;^^^^^ 

; : iuise; The only ;: to of the primers, thermostable enzyme and >nuclectide; triphosphates;; p y ; ; ; x ; 

;; ^io;::^-^:;;:xP For use in detection; the; nurnber of 

:: : ;: ::;;: ;^^^^ requlred; If tho saniple: being ar7iplified;:lsi^ 

: ■ ;■ general amjplificatiori and; detection, preferably the process. is repeated at least 20 times; 

;; ; ;^; ; : ;; ;x^^ 

i;!;^ ;. :;;: least is employed ivyith such probes, the probess is repeated ;pref^rably;:1;5-30;^^ ; I : ^^^^^^^^^^^^ 

:;-;^<:M^^^^ a clearly detectable signal is produced,:i;e;, so that backgrou^ 

';:/^f'■V-'dbes not interfere wit^^^^^ . 
il v: ; ::::^^ dotai I below,: tho ambunt of the specific nucleic acid 5sequence:prcdu 

::;|p:;|;:;;:i ;|^^^^^^^ cnzyrHe need be added aftiBrthe ih 

;;:::;;;; :S;;;;the;;e^^ 

|^;;:;;;;;;:;;,:M 

■ ■ t^^^^^^^^ specific nucleic acid sequence from the first nucleic acid ;pr iTiixtur^ 

|-f|;;;:;;;o:5pecifi^^^ 

■vv';;;.;^^^^ 
::^.::;:^^^^^^^^^^^ 

V-v '-'process: "■'■■•^^ _ ' : '■' ■ ■ ■' ■■■ ■ " .■ ' ' '^'v- '■' o'^^^^ 
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■ ■ After the ai to produce the desired amoun specific riucieic acid sequence^^ 

■ thd^reactiori may-be: hafe^ by addingi EDMi phenolv SDS oi^ . : 

: GHGIi3)or:by:separati^^^^ 

/ The amplifibation process may be conducted continuously, in one ennibpdiment of an automated proce^ss. ;the le^ 
s aictipn mixture may be terhperature cycled such that the temperature controlled at a certain level ; 

for a certain time. 

One such instrument for this purpose is an automated machine for handling the amplification reaction o^^ 
ventjon. This instrument utilizes a liquid handling system under computer control to make liquid transfers of enzyme 
stored at a controlled temperature in a first receptacle into a second receptacle whose temperature is controlled :;by 
10 theicomputer to conform to a certain incubation profile. The second receptacle stores the nucleic acid si3quence(s) to 
be amplified plus the nucleotide triphosphates and primers. The computer includes a user interface through"which a 
user can: enter process parameters that control the characteristics of the various steps in the amplification i sequence 
such as the times and temperatures of incubation, the amount of enzyme to transfer; etc. 
: : A preferred machine that may be employed utilizes tenniperature cycling without a liquid handling system because - 
15 the enzyme need not be transferred at every cycle; Such a machine consists of the foN 

1. A heat-conducting container for holding a given number of tubes, preferably 500 iJ.ltu^ v 
: reaction mixture of nucleotide triphosphates, primers, nucleic acid sequences, and enzyme. 

2. A means to heat, cool, and mairitain the heat-conducting container above and below ("oom tertiperature, which 
. 20 : means has an input for receiving a control signal for controlling which of the temperatures at or to which the 

' . container is heated, cooled or maintained. (These rnay be Peltier heat pumps available from Materials Electronics 
Products Corporation in Trenton, N J or a water heat exchanger.) 

3. Aconnputer mearis (e.g., a microprocessor controller), coupled to the input of said means, to generate the s 

■ that control automatically the amplification sequence, the temperature levels, and the temperature ramping and r 
25 -timing. 

In another embodiment, the enzyme used for the synthesis of primer extension products can be immobilized in ^ 
column. The other reaction components can be continuously circulated by a pump through the column and a heatirig 
coil in series. Thus, the nucleic acids produced can be repeatedly denatured without inactivating the enzyme. 
30 • The amplification protocol is demonstrated diagramnrmtically below, where double-stranded DNA containing the 
desired sequence [S] comprised of complementary strands [S+J and [S"] is utilized as the nucleic acid. During the first 
^ : a^ 

one new ssDNA molecule product of indefinite length that terminates with only one of the primers. These products, 
hereafter referred to as "long products," will accumulate in a linear fashion; that is, the am 
35 of cycles will be proportional to the nurtiber of cycles. : 

The long products thus produced will act as templates for ope or the other of the oligonucleotide primers during ; 

: s 

as templates for one or the other: of the oligonucleotide primers, producing further [S+] and [S-], and thus a chain 
; : reaction can be sustained that win result in the accurhulation of jS] at an exponential rate relative ly 
40 ; By-products formed by oligonucleotide hybridizations other than those intended are not self -catalytic (except iri 
: rare instances) and thus accunriulate at a linear rate. 

The specific sequence to be iamplified.:[S], can be depicted diagrammatically as: 

5' AAAAAAAAAAXXXXXXXXXXCeCCCCCCCC 3* 
3' TTTTTTtTTTYYYYYYYYYYGGQGGGGGGG 5' 



T 

;;so>r '"' '■■^^ . ' ■■■ 

Primer 1: 3- G6GGGGG6GG 5" 

Primer 2: 5* AAAAAAAAAA 3* 

, 55, ; sp,that if.DNA;containing [^^ 



CS-] 
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5 is separated into single strands and its single strands are hybridized to Primers .1 and 2, the following extension reactions 
can be catalyzed by a thermostable polymerase in the presence of the four nucleotide triphosphates: 



10 



15 



extends ^ 



5' 5' 
-GGGGGGGGG6 Primer 1 



original template strand 
ori gi rial tempi ate itrand 



Primer 2 



AAAAAAAftAA- 
5' 3* 



-^iexterids 



20 



5' 



■y25- 



30 



35 



. 40, 



newly synthesized long product 1 
pri gi hal tempi ate strand 

original tetnplate strand 

■5<- 



3' 



5' 



3' 



AAAAAAAAAAXXXXXXXXXXCCeCCCCCCezzzzzzz 
newly synthesized long product 2 



ijflHiBjseijifour strands 
will catalyze the following reactions: . 



ySOr-: 



i55:- 
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Primer 2 5' AAAAAAAAAA ; V ) exterldis to here : 

3' v. . .zzzzzz2ZZZZZZ2ZZzzTTTTTTTTTTYYYYYYYyYYGGGGGGGGGG 5* 
newly synthesized long product 1 

extends ^^—^ — — ~ GGGGGGGGGG 5 • Primer 1 

5 ' . , V. zzzz2ZzzzzzzzzAA/«AAAAM . . - 3 ' 

ori gi nal tempi ate st rand 



Primer 2 5* AAAAAAAAAA ■ — — ■ ) 



extends 



15 



2ak 



3 V. . . . zzzzzzzzzzzzzzzizzTtTTTTtm^^^^ . . • . 5 ' 

original template strand^ 

extends to here<;^- : - ; :: ; ^ 1 
newly synthesized 1^^ 



5* AAAAAAAAAAXXpXXXMC^^ 
, newly synthesized [S 3 ; 

3' v.V.zzzzzzzzzzzzzizzzzzT^^ 5V; 
fi rst cycle synthesized 1 dhg product 1 

3* , V ; .zzizzzzzzzzzzizzzzzHTTTT^ 5 V 

newly synthesized 1 bng pr^ 



35 



40. 



^45y: 



50 i 



5V. . : •zzzzzzzzzzzzzzzzzzzAAAAAAAAM 
original template strand 

5 * AAAAAAAAAAXXXXXXpXXCGCeCCCe^^ r . . 3 ' 

newly synthesized Idng^ 

3Vvvzzzz2ZizzzzzzizTTTTto 

,::;0Hgi:nal.''^-^^ -strand^ ; ; 

/newly^^^syhthiss^^ 

5' AAAAAAAAAAXXXXXXXXXXG • • 3 ' 

fi rst cycle synthesize^ 



cycleis, assumi^^^ 



■1?.: 
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. .■ : Number of Double Strands Afte r 10 to n Cycles 



Gyci© Number 


Template 


Long Prbducts 


Specific Sequencers] 


0 


1 






. 1 


1 


1 


0 


2 


1 


2 


1 


3 


■ • .1 


3 


4 


5 


1 


5 


26 


10 


t 


10 


1013 


15 


. 1 


" .-.is' 


32,752 


20 


■ -r- 


■:[■ 20 


.1,048,555 


■ 'n''' 


1 


n 


(2"-n-1) ; 



When a single-stranded , 
, :A;^etiuence^:W^ 

specificity of the reaction by 
; : : . . :;. internal iiseque^nces^ of ; the' sequence to; be^;^ 

20 i: s^^ 

■ with non-coimplerTiiehtary ends but having someipverlap with the primers previously utilized in the amplificatipri. 

: vector; Th^ vector r^ 

sequence'^b^^ 

,v . i V; ithe process; here in irriay yield a rnixtui*e of nucleic acids, resulting fronri the original, template ihiucleiQ ■ ■.. 

; acid; the expected target amplifi^ 
; ■ • :■ aiso;be;a rriijdure if the oi^igi^ cpntaihsi multiple targiBt : sequences; siich as -irt a: heterozygous ;dipl6id :: ;^ :■ ■;: : ;, . 

geripmeprv^ 

. . : Th® : pcimers he rein may; bernibd ified to assist the rapid and specific clon in g pf th e mixtu re of . DN As , produced by .; • 
. ^30: .: -the amplificatipn reaction;; primers or in the 
sequence to be amplified and clbri 
: of : the!: primers to ; result in restriction sites; at;the: two erids of : the : arnplif ied pixxiuct : When^^ c iiwith the appropria^ ; 
.; ;enzymes, the amplifiedpro^ Thisclpnihgallov^: ; 

V ■ 

35 If the primers have resitriction sites incorporated therein, the same restriction site can be used fpr both primers:: 

^ ; : irisertion df the product into the vector with a spe^ 

sujppresses^: multiple insertions as;:W^ 

V prob^SBre used' or: when the clp^ is bejng expiressed. x 

■y-y-l^:-:^<^ ;40.;^:^^ ^ 

qijance|iRegioris;;in:V^ 

• ^ totheohasirisd exarhple, thi9 target sequence "CAGTATCGGA^ differs by only one bas^from onecpntaining : 

: z aBam Hl site; A primer siequenGe isx 

;;:;:;:' V 

ry:.y.::yi::::.::y4S\ ;, with: tHe target se«;juence)';'T^ 

: ; ' - ■tp-the:;p^ copied, 

becomes ;the:targei;..Bhd.^ 

;; !: ii ;:. :{ n;;.;:^ 
;:;;:.;^::v -v:^ 

;v:::;;:V>:;:;-^^;:C digestion:: pr;^ 

; : : : such as; ba^^ |M13[;|Jhe bptibhally alsd(::hawe::a::l ■ : ; ■•: 

Msirig;well:iaiown::tec 

■ ; Th e : gene;:may; als^ ^ah ; app rppr iate Jprinier;du r the ; ampj if icatioh ; proce^^ primer :isW^ 

;;;;:; :| :;;; i;^ 

. ; ■ ; ©xterit bf arpp^ yyithi sych extension ^product .will pr^^ sequence Jnfbrmatiph; ::. ,. 

:■::■■:■/ 

: adding the desiired restriction^ For; the above ■example;': a HihdIlisitiB could be .added 
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..to make the sequence: -cga^^^ case lettersare as described above. The added bases 

would hot contribute to the hybridization in the .fi cycle of amplification, but wou|d match in subsequent cycles. The 
final amplified products are Jhen cut with restriction enzy The 
gene being amplified may be/fbr example, human beta^emoglobin^^ 
5 In ah alternative, but less preferred and less efficient, method of cloning 

rather than sticky-end ligation (using restriction enzymes), the basic amplification procedure is employed without con- 
cern for restriction sites in the primers or sequence(s) to be cloned. The steps must be repeated sufficiently, however, 
to produce enough amplified sequence(s) to effect ligation. Blunt-end ligation requires greater co^^ 
sequence(s) and cloning vector{s) to be present than sticky -end ligation. In addition, the ligation must take place in 
rio the presence of a ligase. such as T4 llqase; E. coli ligase and ligase. Qnce the amplified product is obtained, the ligation 
procedure is a standard procedure usirig conditions well known to those sk^ 

The cloning method w^ invotve blunt end ligation controls the orientation or multiplicity of insertion of 

.^^^'^ -. vt 

■ e^^^^ foi^ in vitro rnutagenesis. The oligonucleotide primers need not be 

15, exactlycomplernentaryito^ 

hybridize to the sequence sufficiently wen of an arnpHfication 

• : reaction wherein the p not exactly complementary to the original template wii : 

; ■ : of thei; primer lather th introducing an in vitro mu^ 

: j.ja^npjifie^^^^^^ 

SO-: iitiucedifTiaybe' inserted into a standard molecular biological techriiques and might c^ 

:;:;p 

! : :The process of as described above could be r^ 

-dtffe^^ 
product 

i! . :25i: mahher chstfigG^s could bo made^^ 

. : y ; 
^ . : :a^ complementary to the strand - to be amplified. For examjplei a- . 

. : rn 

30 ; sequence.ietc:) niiay be^^a^ or both of the primers, and thereby appended to the product of 

: ; V^^^ theidesired amount 

^^^^^^^^ 

;■; combined ifragnrients^^^ short peripd of time^eg-. t 

. ; :: The method hereiri may also be used sequences 
■35 associated vyith^^ i^^^ e-g: / oricogenes : A^hp!ifi-^: 

:v:^. : :c^^ 

■ ■ diagnosis of sickle cell anernia using DN A obtained from fietal cells. Anriplificati is particularly usef ul if such an analysis ■ 
. ; I is to :be i dpne pn a siTia using ripn-radioactiye detection techniques iwhich -may be ■ inherent ly i^ or >; 

; where racjioacfive ^chniques are^i desirable. 

. .. : 4 x;;. - f rom ;a andrthe ■ (ike. Sickle- cell anennia^ i. 

^^^^^^^ : ^^^^^ . 

. ::x ;■ ; -Decemberi 1 198^ ofithe appropriate DN A se^quence^b 

m^ by the 

. :45 ;: f presence of a polymorphic restriction site elosejy tlirike^ 

■ >b 

■ : : V^:^^ by the high level of the ampli^ 

; ■;;;: -> ariB readily -detectable (such* as :^?P 

i;f 

-cby re^triction::a^ oirjahy otherappropriate : 

■ ■■ beampiified; ithe; appearance;bf a^ i* ■ 

pnbrrestnctiph :fpr the ehdpnuclease iwitfiiri; the am 

■ ; I: : T^ by an apprppriate method:^ ^.^^ ; 

:■ f:^^ of sickle cell anemia ;! ;i 
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via the oligomer restriction technique described: herein and in EP 1 64;054, supra , and Saiki et al., Bio/Technoloqv . 3!^ 
: pp 10p8-10i2::(1 985): Sickle eel is a henioglobin disease which is caused by a single base pair change^^ 

■ sixth codon of the p-globin gene. 

•.^ TO 

(such as genomic DNA) using sequence-specific oligonucleotides. In this method, the sequence variation, whether 
resulting from cancer, an infectious disease, or a genetic disease, e!g., a genetic lesion, is directly detected, eliminating 
the neki .for restriction digestion, electrophoresis, and gel manipulations otherwise required. The use o 
. specific oligonucleotides in a dot blot format after amplification, as described herein, pirovides for improved specificity 
and sensitivity of the probe; an interpretable signal can be obtained with a 0,04 |ig sample in six hours. Also^ if the 
10 amount; of sample spotted on a membrane is increased to 0. 1 -0.5 ^g, non^sotopicaHy labeled oligonucleotides may 
be utilized rather than the radioactive probes used in prevraus methods. FurtherrTiore,- 
below is applicable to use of sequence-specific oligonucleotides less than 19-mers . in size, thus all^^^ 
. : ;. discriminatory sequence-specific oligonucleotides. 

a polymorph ic. restriction site to be associated 
sequence-specific oligonucleotides directly det^^^ genetic lesion and are genei:ally more useful for the analysis bffe^^^^^ 
; : : such diseases ^s hemoglobin G disease, Ctrl ^^ntitryps in and- p-thalassemi^^^ 

. ;l^ 

f V : :i:(e:g;; H 

. ■ ■ ■ : a-thermpstable;. enzyme: ■ . 

: : orcontaihiri^ rtie riu-^^^:^ 

; , . cleottde variation, is spotted directly on a series of .menribranes and each membrane is. hybrid 
: : . : .labeled sequence-specific oligoo fpr.spotting the sample on a^^ descibed - . , . - 

by Kafbtbsj^etal.. Nucleic Acids Res^ 7: 1 541 -1 552 (1 979). . IV ;^:^^^ 

^5:; ^ . : Briefly,:;the DNA sample a^^ 
, ; !:::;:^;odium dodecy^ pribr tp the jarobe being added; Therv; a iabeled pligd- : 

^ ■ ; n which is specific to each sequence. yariatipn to be detected is added to a hybridization solution similar : 

: ■ : - .tp hyb leng[ihi:thei;typp:and conceritration of irigredieihts,; i;^^^^^^^^^^^^^^ 

30 :: ■ eta Ge carried.outiat about 25 1p;75°c;- preferafely 35 t6:65**C, f^^ 6:25-50 hpursi: preferably V^^f^^^^^^^^^^ 

: Jess than threei hours. The' greater the striiigency of conditions, the:greater the required connplenaentarity fbrhybridl-: 
■ ization between the.prpbe and sample. If the background level is highy stringency may be increased accordingly The 
: ; s can also be incorporated in the wash:: 

sample;is washed of unhybridized prpbei using any suitable means such as by;^ 
^ one or more times with varying concentrations of standard saline phosphate EDTA (SSPE) (1 80 mM NaCI, 1 0mM :; : 

; mM EDTA, pH 7.4) solutions at 25-75'*C for about 1 0 minutes to one hour, depending on the temperature. '-i'^^'Mf' 

The labells then detected by using any appropriate detection 
; :;:ll)e:;segueiice-specific oligonucleotide employed herein is an biigonucfeptide which is generally prepared; arid i 
:.::.,:.:■;.. (selected 

; i; gonuciebtid^ the reglbn of the sequence which: spans the niic 

: >> must be specific for the nucleotide variation being detected. For exarnple, if it is desired to detect virti ether a s^ 
:,: contains the rnutation for sickle cell anernia, one oligonucleotide will ; be prepared ^^^^ 
:: ;;;r que h of lhe riormialip-globin;: gene: and one^^ 

y the same sample to determine whether the sample cpritairis the mutation: 
;••;;: v.:;:-:; T^he polymorphic areas of H LA class 1 1 genes are locailized to specific regions of the first expn arid are flankedby ■••>;.:.;:;;■ x;!:;';^ 
: ■ cpfiserved sequenc^^ 

:::;:;::. ii'V-'^ixen 

••The>::riijm oligonucleotideis ernployed for; detection of the pplymprphic areas of the HLA class II gerie^:;w^ 
jso :;;;:;, j^vary dejperidinig C5n the type of gene; wfiich has regions of base pair variation ; wKich^may be clustered or spread apart. ^-^-z-'A 
. vlft^ as in the case. with HLA^pQ^a,;then piieibiigpnuctep^^^ employed for each atleia If tfie . ::;:;^^^^ 

"^■ ^ -y-^^^ apart, as in the case yvith HtJ^^DQ^ rinore trian one probe,; e^h 

• I / "^^^ usedfor each alieie^. ln theicase;^^ 

IV;:: ii; ItHe thfiee regiops.c^ 

.;55'r;;;;:-'':{iDpMjJour:p^ HLA-DRpiecorid'^xbh ar^^^^ 

J : :, : Haplpty f3es ;can :be iiiif erred :f rpm segregation ; airfelysis in families ipr, :in some basest by: djrecf analysis: d f^^^ 

i ; ■ r : ! :' 

: identified in heterozygous cells by: using restriction enzyme digestion of the genomic DNA prior to anrtplificatibn: 
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Fprexample, if in DQ^ 

locus by sequeriee-spedfic oligbnuc^ . .. 

hapldtype combinations orAI. B2, ^ 
5 .. Al, B2/.C4/. 

If the genomic DNAis digested with a polynriorphic restrict^^^ 
both alleles between the primers, there is no reactivity with the sequence-specific probes due to lack of amplification, 
. and the result is uninformativeJf the enzymie cuts neither allele, the probe results wit^ 
DNA are the same and the result is uninformative. If the enzyme cuts only^o^ 
10 hap Idtypes by comparing the probe reactivity patterns on digested and undigested DN A. 

Thehaplotypes can be deduced by comparing sequence-specific oligonucleotide reactivities with 
ON A and genomic DNA cut with one or several enzymes known to be polymorphic and to recognize isites between the 
■primers.-. 
V Tha^ 

^5 .molecule being detected, the source of oligonucleotide, and the nucleotide composition:. Fpr^pyrpo^ . 
.; : sequence-specific oligonucleotide typically contains T5t25 nucleotides, although: it may. contain ;m^ 

V > vWhich ^are ie^ e:g:; 1 6-mefs,; may; show: more sequ^np^ 

; ::: : sirigle;misnnatch is more destabilizing. Becauseiarrplification increases spei^ 
... 20 ..: arid hybridization and washing temperatures c^n be lower for the sani.e salt concentration, it is preferred tql.use oligp^^^ 
:: . Jrtucl^otides:yvhich are- less than,1 9 mers in length. : 

■ : ■ W the sample is first.placed pri the membrane and then detected With tHepjigdnucleptide, the pIigoriucl€WDtide v : 
v;: . must be labeled with a suitable . label moiety, Whlc^ may be detected by spectroscopic, phbtpchemical/b^ 

|: irii 

.- 25 :;f5iexyviththi9:oUgonucjec^^ '^-''"M '-. 

;:pf forming a complexi.with t^ ■ 

;.;:;:.;;ie|ectrd^ 

: :cally, such as horseradish peroxidase, alkaline phosphatase, a radioactive label such. as ^^p/br biotin, .if biotiri is: em- : 
.. ; : ployed,: a spacer arm may; be ut ilized to attach; it to the oligon licleot ide. Pref e rably the. label moiety' is ;! horse radish . 

■ :■ -: :v;i • - : 30 \ roxidas^: - .." " : . ■ " ■ - ■ ' : ' ' ; ■ : ■ '> ; ;^ ; . ■ ' - • •■- ■ ' ^: ■ '■ • ■ ■ ; ' ■ ' : ' ■ ■ y [■ >■ ■ ■ ' • • ■ ■ 

; ''Mi^if' Alternatively in one "reverse" dot blot formal, at least one of. the priniers and/pr at.least.one of the fpiir nucleotide ■ 

mpietiesinriay be present initially in the reactiph mixture or added duririg a" late;r cycle ^i^-^}}^. 
: the label to the amplification; prcdu^ 
35 . : :;the: amplifie nucleic acid sequence, if the sequence yariation(s) ; (whether nGrmal;:or:;mutar1tj 
;, i ion :;(afftxi9d to) thie membraine under prehybridization conditions as ;de 
■ addedi to the pretreated membrane under hybridization conditio 

;. :u^ an amplified sequence in the; nucleic acid sample.has;hybridized[ tb:the:plig^ 

: : tb© membrane.; Hybrkiizatidn will occur: only; if ithe membranerbb 
40 ;; : . the: amplificatipn product, i.e. , only if a sequence of the probe is compieirieritary itp a regipri pf the arnplif ied sequerice, ; : 

;::;:| : ;;; : ;! 

:- C b with the arnplif ied nucleic acid sequence .containing the variation, if; pi^siBnt.Jis spotted^ (affixed to) the 

.;; ';::merhbrane; under prehybri^ 

J);;;;;; ;.;;:;:::,.^:^ ;;4^^ conditions as described above.. Then the 

; >. :: ::is:re|eased;fram the^m such a vyay thait a detection means can ba used 

!: :i; ; 

W recognizes a restriction site inthe probe^^ J^^^ 

. ; : :;;;;.is:descn^ fully in EP Patent f^ublrcatioh ;1 64,p54:published DeceirrUDeir 1^ i : 1 985;:;r ;. ; . /. 

:;l ; insertions, and/or : substitutions in ■ any ibase. pair mutato or -pplyrri forSexarripler: ■ 

\'''^}kM 9<^dfnic ^DN A^ .f rprn : any jprganismi. : Exarhples . of - diseases . in iwliich ;. bas^ , pair - ya^ }s known iriclude:^ ;| 

;:;=p;:;;a^ 

include cafnceifpusdis^ the RAS.bh(ipgenes, e.g;,-the h-R .suiid: infectious 

i? ^i^- .■:^' ■ diseases: . ' ■} -. • ;..-. . \ '. -:. ' . .. ;- ; - ; ' '■ v : ■ } ■ . ■ ■ ■ . . ' : ' ■ ] M ;•■;■;>-. ■". yif: ' ■ -V - ■'•■^-ii • i-i ^-V : x. ; ■ ;it' V- C--- ■■.■■■i:': ) -V'- .■; '■ \ .-; . - -. 

■^^■i^i^S^' bipt :process may : aisiip be use^d for :HLA:typing in the areas ;bf ;tissue[::lransjplan ; • ;:■ ;b 

;;;:aLnd; paternity ;de 

;::: .;::g :; .!;^^^ complexity; at;; the; DNA te 
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Cjpplymorphism currently def in additipni the pwess herein rhay; be e 

: DNA ^sequences coding; for 
(IDDM). Briefly, the four; DN A sequences associated with consistingiof: 

1) 5'-GAGCTGCGTAAGTeTGAG-3'. 



2 ) 5 • .GAGGAGTTCCTGCGCTTC-3 ' , 



3) 5*-CCTGTCGCCGAGTCCTGG-3'. 

'and 

4 ) 5 • -6ACATCCTGGAAGACGAGA6A-3 ' , 

or;the;DNAstrands;that are; connplennentary thereto: Sequence-specific ;p 
one or more of these sequences. 

Various infectious, diseases can be diagnosed by the presence in clir^icai sahnptes of specific Dh4A sequences ; : 
characteristic of the causative microorganism. These include bacteria, such as; Salmonella, Chlamydia, Neisseria; '4 
viruses, such as the hepatitis viruses, and parasites, such as the Plasmodium responsible for malaria. U.S. Patent : : 
Reexamination ;Gertificate>B14,358;535;issued^^^o^ 
■hybridization probes; for the diagnosis of: infectious: diseases^ 
be present in a clinical sample from an infected patient and the DNA e^ 
small fraction; of the; total ; DN A in the; sanrip 

and hybridization detect ion;of the; DNA samples: could greatly improve the sensitivi^^ of traditional pro-: ; 

cedures. - ' 

: Routine clinical ;use of DN A probesiforthe diagnosis ofinfectiousdtseases;^^^ 
radioactively labeled probes could be employed as described; in EP; 63, 879 to^^V^^ 
DNA probes are detected by chromogenic;erizymes linked to avidin or bratinrspec^^^ 
is convenient, but relatively insensitive. The com 

use of stably labeled probes could provide the convenience and sensitivity required to make the Fafkow and V\ferd ; 

procedures useful in a routine clinical setting. 
; : A specific use of the amplification technology for detecti 
v The amplification and detection process :is used; 
; respectively, nucleic ;acid sequences , vvhieh are substanti 

specific to the nucleic acids in AIDS viruses. Thus, the sequence to be detected rhusibe; sufficiently complernentary -; 
: :to the: nucleic acids; in ;AIDS:Viruses; to; initiate;: polymerization 
enzyme and nucleotide triphosphates, 

; ;; :;;lri 

-Y-(GH2)2-0r[(CH2)^p]y-CH2CH2-N- 

■ :; where Y:is O, NH or N-CHO, x is a nurnber from 1 to 4, aiid y is a number from 2 to 4. The spacer arrti is in turn attached [ 
to a psoralen moiety of the formula: ;•:'; - . ■ 
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5 




The -psoralen moiety intercalates into and crosslinks a -gapped circle" probe as described by Courage-Tebbe et al., 
70 Biochim: Biophys. Acta . 697 (1982) 1 ^5, wherein the single-stranded hybridization region of the gapped circle spans 
the region contained in the primers: The details of this biotinylation and dot blot procedure are described more fully in 
commonly assigned U.S; Patent No. 4,582,789 issued April 15, 1986 and ::U;S.- Patent No. 4,617.261 issued October 

The amplification prpcess:can also;be utilized to prcKJuce suffici 
75 gene such that detection by a simple non-specific DNA stain such as ethidium b 
DNA directly. 

In addition to detecting infectious diseases and pathological abnormalitieis^^^ 

: : r :; pl^ 

state. 

sequences using a chain reaction; and a thermostable enzymOi i^ 

^^;^i : : ■ d 

. in: detecting nucleic acid sequences which are jnitla^^ 

The following examples are offered by way of illustration only and are by no means intended to limit the scope of 
25 the claimed invention. In these examples, all percentages are by weight If for solids and by volume If for liquids, unless 
otherwise noted, and all temperatures are given: in degrees Celsius. 
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EXAMPLE 1 

IV Synthesis of the Primers 

■ The fdlowing two oligonucleotide primers^^^w^^ 



5 * - ACACAACTGTGTTCACTAGC-3 ' ( PC03 ) 
5'-CAACTTCATCCACGTTCACC-3V {PC04) 



: These primers, both 2G^merSi anneal to opposite strands of the geinomic DMA with their 5' ends separated by a distance ; 
of 110 base pairs. 
40 : ; : A.> Autoniated Synthesi 

thers lTstrahedron Letters (1981) 22:1859^1862) were^is 
: vpore glass support. : The procedure Included detr^^^ dichloromethane; -coridensalion; ; 

using benzotriazole as activating proton donor; : and capping wit 
rahydrcrfuran and pyridine. Cycle ttme;was approximate^^ 
45 ; and were determined, by ;col lection and: spectroscopi 
tritylation, . 

; ; ;: B: Oligodecocyrib^ : 
column and exposed to 1 ml concentrated ammonium hydroxide^^a^ temperature for four hours in a closed tube. 
\ The suppoft was then, removed by filtration and the solution containing the, partially .protected oligcdeoxynucleotide;. 

^0 : !; ; w^ 

; : i a^^ 

V; : j : : nium. acetate buffer at pH 6.0. The elutipn wasirndnitbred by UV absorbance at 260: nm and the ajDpropriate fraction ; 
v -icoll^cted^^ 

'■ '■ :cehtr|fugeV -: : ;.. ■ ■ ■ . :v '. 

: w 
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: pjolyacfylamide'igeis after electrophoresis for 45 rtiinutes at 50. volts/crn. This procedure verify 
..Base composition wais determined by digestion- of- the oligodeoxyri^ 
esterase and bacterial alkaline phosphatase and subsequent sepa 

using a reverse phase HPLC column and a 10% acetonitrile, 1% ammonium iacetate mobile phase. 

II. : Isolation of Hurnan Genomic DN A from Cell Line 

High molecular weight genomic DNA was isolated from a T cell line, Molt 4, homozygous for normal p-globin 
available from the Human Genetic Mutant Cell Depository, Camden, NJ as GM2219C using essentially the method of 
10 . Maniatis etal.. supra , p. 28Q-2B1. 

III. Purification of a Polymerase From Thermus aquaticus 

Thermus aqtjaticus strain YT1v available without restriction from the American Type'Culture Collection. 1230^^ 
75 Parklawh Drive, Rockville/MDras ATGC No. 25,104 was grown^ i^^^^^^ 



Sodium Citrate 


■I ;rnM 


'Potassium Phosphate, pH 7-9:: 




Ammonium [Chloride . 


10 mM : 


Magnesium Sulfate 


0:2 mM .-. 


Calciurh-Ghibrlde 


,.. 0.1 mM ^ 


iSodium Chloride : 


V ^r g/i;;- ■ 


:Yp.ast Extract 


■1. 9/1 : . 

.;..i:;g/i-;- 


/itryptone: ::"' ■ 
•:GlucoseV: - 




Ferrous Sulfate 


6:01 mM^i 



: ; : ; ; A -lO-iiter fenTientbr: was inoculated. f^ overnight in; the iabwe medium at ;76° 

; 6pd ml trom the seed 'flask was used; td inoculate; 10 liters: of ithe sSmei riiediurT^ : : > f ^ 

: a^ 

^V:'";.-:.;-:: ■" '■ :--"rpnnl; ■ ■ ■; ■ .'-■:■■■"■■■.■:■;: ■.:.•:;■ . '■■'::.■ "''■"■■'■'M ' ■ " 

After growth of the cells, they were purified using the protocol (with slight : modification) of ;;Kalediri e ; 
. '? - through the first five:stages and using a different protocol for the sixth stiage:^^^^^ 
: rate o 

volumes. An alternative ;and preferred purification protpcbj ls provided irl E :. 
: Briefly, the above culture: of the T; aquaticus ; cells was harvested by centrifug^^^ 
\r" . :in late log phase, at; a ceji idensity of i 

. '^^ : corisistihgof 50mMTris-HC! jpH 7.5, 0.1 haM ;EDlAy Cells werei lysed^^a^^ 

; ■ :; : ■ : V : 4^ 

;;jphate;buffei; pH:6:5i 10 m 

::;;:::>5^^^^^^ . ■■^1raction":B." ' ■" " : ■.- ;■;-■ . - : ■ • ■ ■ ." ;■■: ■- :''--': ■■■:.•■ '''-^--y^-ry::'.-''' '. ■■■: v':;- /i: :■ .v'f '-'^^.'-''^ ;;- 

: . .ff:' ; . V Fraction B was applied to a 2.2 x 30-cm column 9f:PEAE.-cellu|pse^^^^ 

. ■ : ;■ The cplunrin was then ; vyashed withthe same buff er and the tract ions; cbiitairiinig protein ;(deterTTiiriec| :by absbrbance; at ; ^ 
: ' ; : 28p hni); wis re collected ; The com M ipoT; ; ;; ; ; ; ■ ■ 

■■; : taissiium ;phosphate buff erv;pH :7: 5,1 P; mM 2rrne^rcap^ arid;;5%i -glyceri 

;;: - Fractipii p: was a^ a 2:6 ;><: 21>cni col^ 
■/ wasliiien washed and the^e 

V:: ' :;^:^^^ 

!■■::;;■; p-'.;- : " dialy2ed;:against;t^^ Til'':- 
:; ;: i: : ff^racti^ ; D :was a^ il :6 X i.28i<!;m; columri; bf 0 

;::;: : ;|:;;cqlurnn; wa^ inear;gradib^^^ 
;: second bijffer^;^ 
: ; ■locally: detecting 
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excess of DN A polymerase (for: ehddnuclease) and aftisr treatment with a restriction ehzyhrie that cleaves the DN A into 
: : ; . several fragments (for exonuclease); Only those DNA p^ 

nniinimal nuclease contamination were pooled: To the pool was added autoclayed gelatin In an amount of 250 ]xg/ml, ; 
. and:dialysis was conducted against the second buffer^^^^ 
5 Fraction E was applied to a phbsphocellulose column and eluted with a 100 ml gradient (0:01 -G.4 M KCI gradient 

in 20 mM potassium phosphate buffer pH 7.5). The fractions were assayed for contaminating end6/exonuclease(s) as 
described above as well as for polymerase activity (by the method of Kaledin et al ) and then pooled. The pooled 
fradtions were dialyzed against the second buffer, then concentratisd by dialysis against 50% glycerine and the second 
-buffer. 

10 The molecular weight of the polymerase was determined by SDS. PAGE. Marker, proteins were phosphorylase B 

(92,500), bovine serum albumin (66,200), ovalbumin (45.000), carbonic anhydrase (31,000), soybean trypsin inhibitor 
: (21i560). and lysozyme (14,4^^ 

Preliminary.: data suggest that th!e polymerase has a molecular weight of about 86,000-90^000: daltons, not 
62,000-63i0pb:daltons reported In the literature (e g:, by Kaledin et al.). 
ys The polynierase was::incubated in 50 |Lil:O 

: mM MgGI^^^^^ 
. ;: V : :^^^^ 

: .::: . : transferred to^the acid-solubleifraction:^^ 

:;:::;^ ■■'^^^^^ solUtiph of sodiu^^^ 

;i2fl|:;:x^ detei*mined£^^ 

:^ : ■ :.;^^ 

for the therrriost^bie enzyme herein is broader than that for the kaledin etal. enzyme. 

^^^^^;^:^:^^^/ ; : : ; ;F 

:'25:^^:^ m if an^^ activity vyai^lobserved usjng the enzyme ^ herein^:: anid^ti^ 

^^^;: ;: : e 

; i (sijpra Venzvrhe is not consistent with the expected value, ar^ 



so; 



lAA Arhpiificatioh Reaction 



^ of the -geiiom lb DN A; described above: was dilu^ 100:^1 aqueo^ 

of primer PC03, 1 of primer PC04, 1 .5 mM dATP, 1:5 mM dCTP, 1;.5 mM .dGTP and 1^ ; 
^^^^^^^^^ : : h 10 minutes at 98x6 to denature the genomic DN A, :then cooled to roorh temperature^;; Four^ 

35 polymerase from Thermus aquaticus was added to the reaction mixture and overlaid w^ 

: : . ;: 
^V: ;';:^ cycles of amplification ;Jn the machine,- r^ 

from;37°C to 98?C::in heating block over a period of 2:5 miriutiB5^;:;and 
2) cooling from i98°C to 37°^^^^ 
■ Aifterthe;:iast cycle, t 

:::4^ ;\-.: reaction. : ■. , ■ ■ ■ ■ ' ■ ■ ■v,' Xv'';-V;;:.- : ^v;.:^': . •..:■■■:■:.,■■.■:■• 

:■;;;::::: :;;i:V;:; of GligcKieoxyril^bhucleotide Prbb^ ; 

: .V; ; , ■ - A labele^d DN A probe, desi of :.the foikpwinfg sequence jw^ ■ ; ■ : 

;^^^^^^^:^ V 5 (RS24i ; 



:SS. 



::wii&re;i:*:;liidic^^ 
::;and.is;c6nnp 
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y '-. :f-r: - v: 110 bp v 

■ ■ ■ B-glob1n ^ 
5 Pe03 —^52?- f>c04 

This probe was synthesized according to the procedures described in Section I of Example L The probe was 
labeled by contacting 20 pmble thereof with 4 units of T4 polynucleotide kinase and about 40 pmoley-^Sp-ATP (about 
7000 Ci/mmble) in a 40 jif reaction voluiTie containing 70 m 1.5 mM spermine, 

. :and 10 mM:;dithiothreitol for 60 miriutes^^a 1G0 ]il wrth 25 mM EDTA and 

purified according : to the procedure iof : Man iat is et al^ over a 1 nril spin dialysis column equilibrated 

with tris^EDtA(TE) buffer (1 0 mN4T^^ 
' . ; :; t concentration was 0:118 pmole/|al. 

: : ir calcul^ 1 00% wore^ dlluted with 200 M;' 0:^ 

vi.:NaOH,:25:rTiM:E^ 

:::?PpV:::p 

; i;:^^;^ :!^^^^^^^^ nniM NaHoPQi:; 20 mM;EDTA); as disclosed by; and Man Hv^ Nucleic^ Acids Researoh ;^:1 3. ;; 

-oven: ; :'i;v:';;,;v ■ ■ . ■;■ 

.> After baking^^ fijtisr was then' contacted ^w^ 16 ml of a hybridization solution, consisting of 3 x SiSPE, 5 x; 
25 ■ Denhardit's solution 0 >?'^^^ Ficoll/p'02% boyinie Tris, 0^2! ; 

m andiihbubated fortwo hours ^t4^ fiS2^: 

: \temperature,;:Th^^ the filters were treated once with 100 rinl of 2.x SSPE, 0.1% SDS.at 60°C for lOiminutes. 
- Each filter was then autoradipgraphed.-with the signal 

V : y 

35 ; : : d 
: , : : : ; w 

EXAMPLE H 

Of : pHrrtef 

■ ;,:^mp!e,: llie sarnples and evaporative lossiL; ■ 

irtiExampte-jar^diiSubjiecteidte 

.5p;;;:!;:- cycled 

;.: .(^ DNA toiaririea!; and "l ij| 

(3):mairitainihg at 37°C foi-. two rniniit^^^^ 
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■ -.reaction. . 

. The second sample was placed in the heat^onducting container of a tennperature cycling (heating and cooling) 

■ machine. In this machine, the heat-conducting container is attached to Peltier heat pumps which adjust the temperature 
up.wiards or downwards and a micropr"ocessor controllisr to control autoinnatically the arnpl if ication sequence, the terin- 

s peratijre levels, the temperature ramping and the tirning of the temperature. 

The secx)nd sample was subjected to 25 cycles df ampliflcation/repeating the.fol^ 

(1) heating from 37 to 95°G over a period of three minutes; 

(2) maintaining iat 95**C for 0.5 minutes to 

TO (3) cooling from 95 to 37*'C over a period of one minute; and 

(4) maintaining at 37°C for one minute. 

. Analysis- , 

75 ; Two tests were done for ahalysisy a dot blot and an agar^ 

-;f^dr the dot blot analysis, a labeled DNA probb/ designated RS 18, orthe following sequence was prep^^ , v 



'; ■■■'S'-^*CTCCXGAGGAGAAGTCTGC-3* IRSIS)' 
and is complemientary; to the nornriar p-globin allelei (pA); The scheitiatic diagram of primers and probes is giyert; be tow 



, ■ V. RS18 /. ■ , :PCQ4 :: ; ■ 

: : : ; xThis pra ^according' to the jprpcedures; described - in Section I of Example 1 i This prpbei^yi^s ; 

■4 ^ V la^ with 4:units of T4; polynucleotide kinase and 

7000 Ci/fTnmole):in a 40|i^ 

and: 16 rhiyi dithiothreito! for SO minutes at 37?C: The tote^ was then adjusted to 100 |il with 25 mM EdTA and^;^ 

. ;:35 punfiediaccording td^^^ 

: :.witK TTis::iEp7A (tE);bijff^r.;(10:nriM^;^^ 0:1 ;mM EDTA^iipH 8.0)J:;TpA;precipitati6n of, the reaction 

. V : ; indicated: that for RSI 8 th^^ was 4;6nCi/pmole and the final concehtration ; was 0;1jl 4 

: ;;:;:Fiye microliters of the amplified sample^f 
. the klehow fragmeht of & ;coii DNA: Polymerase: I: instead of :^ 95 ji!:0;4:N i ; ;xi:f 

: ; f P r. ;N 

' .airi: ai^ which holds; the filterS; in ipla^ rinsing each: well wH^^^^^ 

. a NaHgPO^j/io mM EDTA), as disclosed by JReed and; Mann;^ i-ijljSp 

filters were then reimoved,: rinsed in; 20 x S^ 
; gAfter baking, each filter waslhen contacted with 6 ml of a:hybrid[izatipn::^lutipn consisting of 5 x SSRE; ^S x Den- 
: hardt's solutioh-O x = 0:p2%:^pplyyinylpYrrolidone, 0.02%;Ficolf, 0.0i2% bovine;serurh albuhriin, 0:2 rri^ :r 

EDTA, pH 8-0) and .0.5% SDS - andiinK^ubated for 60 minuies a probe: RS18?vyas <^dded..tp the'^'/| ^ 

: : : ""Finally, eaich hybridized filter; vra with lbO;nril ipf 2 x SSREiand p.;1 % SDS for 10 minutes at' room : ;. 

v-;; .:;;:;:::^^^^^^^^ Theri!ithe:filters;:Were^^^ SSPE^ib i^ SD&a^ 

:* . \;:-:'\'>x^:J^-;.-- . Each filter was; tfieniiautpradid^ signal :ijeadily: apparent after 90 minutes/ 

; : : ' : iir-l ri; the : agarp^ i^jpatipP i^^ap! 'Of^ ' Was loaded: onto , 4% N u Sii9veA);5% agarps^ gel in :i ;■ --y-i^W^i:} 

:.;i?f ; •:::;;■;: The ires ult^ 
/ ?::pNA,;sh^ 

transfer after each cycle!; using: the :Kleh 
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specific amplrfjcation-of many unre 

: It is; expected that similar Improvements iin amplification and detection would be achieved in evaluating HLA-DQ, 
- OR and DP regions. 

If in the above experiments the amplification reaction;:buffer.contains 2 mM:MgCl2 instead of 10:mM:MgGl2 and 
150-200 jiM of each nucleotide rather than 1 .5. mM of each, and if the lower temperature. of Sy^C is raised to 45-58^G 
during amplification, better specificity and efficiency of amplification occurs. Also, DMSO was found not: necessary or 
preferred for amplification. 

EXAMPLE III 

Amplification and Cloning 



;^ a 1 19-base pair fragment on the human prglobin gene, a btal of 1 rnicrogram each of ihuman^ 

genpnriic DN A isolated from the MpIt 4 cell line or from the GM2064;ce;ll line (representing; a homozygous deljBtion^^ 
'5 ■ > ;ihe p^ and S-hemoglobin region and available from the Human Genetic -Mutant Cell Depoisitory, Gamdeh/ NJ) as de- 
V- scribed above was amplified^ in a 100|il reaction volume containing 50 mM KGI, -25 mM ;Tris-H 
. ■ 200 |ig/ml gelatin, 5 mM 2-nnercaptoethah6l, 1.5 mM each of dATR dcf TTR and dGTR and 1;:iiM of ieachlibf th 
\-v\-;:-. 1onowing:;primers:v--\;::\-. - 

5*-tTTCtGcagCAACTGTGTTCACtA6C- (GH18) 
; 5 • -CACaAgCTTCATCCACGTTCAep^a * (6H19) 

ii; iJilWhere^k^ case : letters idenote niismatche^Sfrom wild-type! se(i!|uehice: to; create:;^^ 
; ":26-base; oligonucleotide^ complementary 

; oligpnucleotide complementary to the plus strand and contains an iritemal Hindi! I recpgnitipn sequence; :These primers 
: ■ :were; selected by -first screening the regions; 
■: ijprirfiers were then prepared as described in;:Exarhple. K 
M ; ^Fhe abpve-reactibn. mixtu res were heated; for 1 0 rtiinutes at,95*'C :and then cooled to roomiternperature^^^^^ ■ 
: ■;: ; 4 jil of the polymerase described in Example; I was added to each reaction mixture,; and then each mixture was bVerlayed 
; ; with niineral oil: The reactiori m 

:^:.Vy./. :-::2^^^^^ 

;: ^5;;; ■ : -^^ ^ : :;.:3 ; min / rami>; ■ 

. '2 min/soak, iSZ'G 

;:. After:the last cycle, the reaction mixtures were incubated ;fpr;20;minutes at'65°C itp:cdmplete;the ;fin^l ;e)rt^ 

ji^fa ; ixiiiAtotal of IQ^iofthe amplified pr^ 

.;. in a 50 volume containing 50 mM NaCI,: 10 mM tris-HGI, pH 7i8i 10 mM MgClg, 20 units Pstl land 26 units; Hindlll 

:;;::j::>:.:%^ 

yvftiifferiand 1^ a l rtil BioGel P^4:Sjpiin dialys 

:y.4 precipitated; ■ ■ ' ; ■ ■■;:■■'; ■ - • ■ , ' „ Z': ; ' : . ■ . ;' . , : ;-V ', ;■■ -.•■";' ■ " ■ " "" ' ' • ■ ■ ■'■ i- : 

:: ;;experimentS::traiced: the, source^: p^^ 

;: ;p was availablei the ; experiment i was c^ 

^ :;::■ ;:;; :de^ 
||;;;;;K:#^^^ 

5a:|;::::;7:8^10mM^M 

; i ;- .;|;;::; tO.:g 

:■ : :;:;:| ;-x:^^ at ; 1 &(C;^--:-:^:-::Y 

;, k .4^ 

;;:;;;;;; pe|eht'cell^^ 

• i:Messingi:J;^ Elseyjeri':^^ 

:;;;;-steird 

insert: (1^ i^mincrekseiibfiatiTio 
::.:VpQ$itrv^ the pnmer-pbsitiye plaques; from 



:55: 
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Polymerase I. Where the reaction proceeded for two minutes at 25'*Cj:after which the steps of heating to i OO?C: for two 
rninutes. cooling, adding K|enow fragment, and reacting; were repeated nirie times*. These results confirm the improved 
specificity: of the arriplification reaction employing the thernoc^tab^ 

In a later cloning experiment with GM2b64 and the contaminated primers, 43 out of 510 colorless plaquiBS (8%^ 
■S had the (+)- strand insert. This suggests that approximately one-half of the 119 cb^ 
inant sequence. 

Ten of the (+)- strand clones from Molt 4 were sequenced. Five were normal wild-type sequence and five had a 
single C to T mutation in the third position of the second codon of the gene (CAC to CAT). Four of the contaminant 
clones from GM2064 were sequenced and ali four were normal. 
10 Restriction site-modified primers may also be used to amplify and clone and partially sequence the human N-ras 

oncogene arid to clone base pair segments of the HL^ DQTa, DQ-p ; and DR-P:^^^^ 

Again, if the concentrations of MgCl2 and nucleotides are reduced to 2 mM and 1 50-^200 jiM, respectively, and the 
. minimum cycling temperature is increased from 37°G to 4^^^ the specificity and efficiency of the iamplification: 
reaction can be increased. 

; EXAMPLE \\f 

Gene Retrieval : : 

^20 • . A^^^^^^ TAQ POLYMERASE GEN E . , 

. y: - A^ 

■ ; : : : expression 

: / -G AATrGGGGtiNew England 

; D packaged :;{Gigapack Plus-: Strataqeh is) j'ahdtmh^ 

:" 12;straih:Yi(D96.^;(f>rovicied:t^ 

•k ^ with a 

; :: : :C 

i-sp : :;purifie;d :froiTi;candidate: p^ realct! with; preimrnuh^; serum :ari& 

G E. coli K^12::Strain;:>i^1089:(Rj^^ 

production of an ;lf?TG inducible fusion :protein (larger than STgiajactbsida^^ the Taq ipotymerase- 

antiserum; Solid rphasei^^s 
■ the total : polyclonal a^^ 

55 The "fish ed^ epitope-selected ant ib^ piiage 

■candidates encoded DN A sequences; uniquely: s^ 
. Xgt:lv;s 
. with- botli purified 

■ ■■ foMurther;study.v:-. ' ■ . ;v.-. ; ■ : . >^ ' • ■ ■ ':' -v . • ■■■■ ■■. ■; ■ 
40 . :Ti^exr^:;.fl15 

y :;;;;;>; g 

;;.DNA rarKlbfp;.g^ library.?' 



.45 



B^CQNSTRUGTIQN AND SCREENING OF A THERMUS AQUA^^ 



: ■ -Lambda phage: Char^^^ ehds^ digjested : ; 

• :f : ; to c^ anxis were purified lrom the; "stuffer'^ 

■ : : : derisitV 
: ; ; ;the^ 

. ;:.: :;-:;:ifec^^ 

[55 . . , :Ch35:i4|^2^^ dige^tibri Mli^^^ 

:• --;^;.^^;:. T^^ 

: v:> : . i^ and: individually :cipndd1ol!6^ 

. .v 11ie rr8:0:kb:H was isolated in kb Hincilll: ^ 
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DNA-^ragment from CH35::4-2 was i^^^ 

E. cg^ strain DG98 harboring pFG82; was shown to contain a thermostable, high temjDerature DNA polymerasiB 
activity (Table 1). In addition, these cells syrithesize anew -SOikd molecular weight polypeptide which Is irnmunolpQT. 
Ically related to Taq DN A polymerase; ' 

The Taq polymerase coding region of the 8.0 Kb Hindlil DISlA fragment was further localized to the lac-prpnribter 
proximal 2.8 kb HindUl to Asp718 portion of the 8 0 kb Hindlil fragment. This region was subcloned to yield plasmid 
pFC85 (6.0 kb). Upon induction with I PTGr E;:Coli DG 98 cells harboring pte^ synthesize up to 100-fold more 

thermostable, Taq polymerase-related activity (table 1) than the originar parent clone (pFC82/DG98): While cells har- 
boring pFC85 syrithesize asignificaht arnount of a thermostable DNAipolymerase activity, only a portion of the Tag pol : 
bNA sequence is translated, resulting in the accumulation of a -60 kd Taq polymerase-related polypeptide. 



TABLE 1 



Expression bf a The rmostable D N A Polvrrierase Activity in E. cdii^ 


. . Sample ; 


V '-^/.V^i -Units Vml 


:: -IPTC3\ : 


. ■.\?;::-+lPTG^^^ 


■ . BSM.13/PG98 ^ 




0:02: 















75 
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assayed at 70*C' for DN A polymerase adivity. 
* 1 un it =1 hM dC TP incorporated in 30 rri in utes. 



■ -^y EXAMPLE V 



: Expression^ 



' The gene encoding the therrnpstable poVrrierase;^^^^^ 

. ^^^v : bacterial efxpression vectors iricluding 
. derlvativesi lKat have either 

dperatily linked ATG stau^ lambda Pl jprpmoter^afnd gene N ribos^ 

:biiiding^ site:operably (inked'to an: A^ 
with Saicl;: and blunt ended with Klehdw or ^l h 
• 3^ of the Taq polymerase gene. 

The fu^ into plasmids : ; 

: ;pFG83 and pFC85 as;follows: \^ available from Ntector Cloning Systerns,; San Diego, CA) : 

■ .-^^^ 

^ :;octanucieotide Hnker. S^GA&AjfeTO \^r:^y'-::y^-: 
; 40 ^ . :%cZc^ tra^ Sifestriction; ciizymes; and the- large yeckiir : ; ' 

' j^.1ragmenfpunfi^ 

: ; ^ : : 

. :v 

t0the'v756:ba 

iTTi 39J68deppstte^d July 13/1 98i4jfrbml 

; were, selected and an -^6:755^ was isolated;^ Isopropyl-p-D^th 

- : ; PG98 ;Cells;:Ha rbor ihg pL:Si3 1 - synthesized T^q SW^: poly merase iridistingu ishable iin size from the native ienzyme -is^ 
; latedfrornT^ aquatlcus ;PlasiTiid^i0 !s^sirigle; strand DN A; templa^^ 

V pr<^©dure:recprnrinen^ 

xused:;tb:iiht^ 

; ; ! vcbdirig^^^^ of -IheTaq polymer^ I • siteiican i bajritrbduceci: a^^ 

ithe:gene;(^ ■:: - 

;:: . lO^: : vec^di- bh;m:^3y2^^ 

: ' ' : ;kb 5p i : restnction f i^gm<Bnt • with Kl enow fragrrierit ar^ arid: inserted with T4;Disi A: I ig : • 

: ends ::This; ligation rnikture is .usjed; to transform 'E.-^'^ 61 arid ihe;:resulting 
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duction of Taq pplyme^^^^ 
■ ■ analysis: 

: A greater proportion of the Tag polymerase gene contained within the —2.8 kb Hindlll 'Asp 71 8 fragnrieht of plasmid 
pFC85 can be expressed using, for example, plasm id pPiNrrqATG; by- operably linking the amino-terhainar^H 
5 restriction site encoding the Tag pbl gene to an ATG initiation codon! The product of this fusion upon expression^ 
yield ah r-66,bbp-68;6bb daiton truncaited:^^^^^ 

Thisspecific construction can be made by digesting plasmid pFC85 with Hindi II and treating withKlenow fragment 
in the presence of dATR dGTP and dCTR The resulting fragment is treated further with SI nuclease to renr^ 
single-stranded extensions, and the resulting DNA digested with Asp 718 and treated with Klenow fragment in the 
10 presence of all tourdNTPs/The recovered fragmentcan be ligated using T4 DNA ligase to d^ 

; pPi:Nt^^<^ATG. which had been digested with Sad and treated with Klenow fragment in the presence of dG TP to con- 
struct an ATGbl unt end: This ligation mixture can then be used to tran^^^^ coll DG1I I6 and the transformants 
screened forproductibn of Taq :p6lymerase; Again, expression can be confirmed by Western immunoblpt analysis and 
activity a^ 

75-.. "'■ ■ \' . ' . ■ '■ . ■■ . ■/ " ■ ■.■ . -. . / 

Purification : 

: 20 . : 4;. iThe therrriostable ipplym^ directly; from a culture of Therrfius ;aguatajs f6|bwing;the 

. ■ diseldsiBd below: or; alternatively, -fro produced enzyme ;with:;ohly,yJ^^ 

minor nribdif ications necessary in the preparation of the crude extract. 

After harvesting by ceiitrif ligation , 60 granis. of cells were resuspended in 75 ml of a buffer consisting of 50 nniM : ; 
TrisrCI pH 8, 1 ; m^^^ V 
:. : 25 ;. additbrial Tris^EDTA w^ 
. ; V ; was; added :iand the: solution ;^ 
; ; ;.: : d 

. .-. ■ ■■ ■ Fraction -L- 'V :^ ■ ■ :-. ..■ '■ ■ :- ' ' ■ ; ■ ■; ■'■ [ v (v-'-' ' ' - .rv^^::-:' . 

: iTie polyiiierase activi^^^ ■. 
; 30 M TAPS-HCI pH 9.4 (20^C) - 6:002 M MgClg i 6!^ 1 mM 2-mercaptoethanpl. 0^2 ml^ each; dG 

/ . ;0. 1.mM dCTP:[a;?2p, ;o5 Ci/mM], 1 2.5 |ig "activated" salmon sperm DNA and ,0.01 -0.2 units otthe pplyrnerase (diluted : . 

'^^^^^ 

;■ ;^ , ^ 

: 35 . conducted at 74''C for 10 mjnutes and then 40 jii was transferred to 1 .0 nil of 50 iig/ml carrier DNA in 2 mM EDTA at 

■ 0°G. An equal volume (|.0 mj) of 20% TCA, 2% sodium pyrophosphate was added.,' After 15-20 minutes: at p°C .• ; 

::;;■: ■ :samp!es;;we^^^^ 
■■■vV-:';1bll6wed:b^^^ 

\ ; Fraction: fwas 2**G andthecpllected supernatant • 

■;'■ ^_ 'V-T' .'. ■■ :;sv/as:desigiiated .Fraction': H 

: : TTie iaq p^^ Polymin P (BRL. Gaithersburg, :MD) (10%;; wi^ 

■ 7.5 and autdclaved) after theimirifm .anriourit of Polymin P. necessary to precipitate 90-95% of the activity waS;de- ■:^^^:^;: 
■ ,; termine^^^^^ 

;: ::Ani::ap|) 
t-.^^^:; :\\.. V*^ir. :was:centn^ 

: . ; ::;: act and the peltet was resu of O^isX; Buffer A (diluted; 1:2 with H^6). This suspensibn Avas 4 ■■' • . 

;: ;; recentrifiigfed arid the: jpellet re^spended iri lM^^ of; BuffjBr A containing 0.4! M KCI. This , suspension was hb- 

' j -^^^ thoTOughiy and left overnight at 4?e.;The hqnipgenate^ was centrifuigfed as above andihe Collected super-;^, ;^^ 

sVP^ii^nlde^ 

: ; . .:; : ' ' .:;. ■.^,::-Th® Pn^ by "pirecipit^tlbn"^ of amnribhium sulifale/centrifugied (at 27,6^ W-^^'-^- 

:;:|:;V;5::-::::^ Iris^GrpH 8,/| mM 

V^:: ■ ,:^^^ 

)■ ; ; : ■ The dialysate: was;ti^n^ bottle to Which;:was; added any recovered, pii^ f rpm .siacks; rinsed :- ■ 

/■^^^^■ ■:{yi*^ at :2p,pbO x!g[arid;the^ time. was red 

,.KCI, and recentrifuged. The supernatants wer^ 

, :::.. :; ./;:F 
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80 rihM KGl. The column was washed (2.5-3 column volumes) with the same buffer and the protei using a linear ; 

. gradient of 80 to 4G0;mM KCI in P-cell buffer: Fractions containing DN A polymerase activity (-0:1 8-0.20 M KGl) were 
pooled and concentrated 3-4 fold on an Amicon stirred cell and YM 30 membrane. The cell was rinsed with the P<el I : 
buffer withoutKCI and added to the fraction concentrate (0.1 5 M KGl adjusted final volume) to form Fraction V 
5 Fraction ; V was applied to a 5: ml Heparin Sepharose GL-6B colunin ^ 

and 0.15 M KGL The colunnn was washed with 0.15 M KGl buffer (3-4 column volumes) and the protein eluted with a 
linear gradient from 0 15 to 0.65 M KGl in P-cell buffer A 1:10 dilution into diluent without gelatin was made for SDS- 
PAGE analysis and a subsequent 1:20 dilution into diluent with 1 mg/ml gelatiri was made for use in enzyme assays. 
The activity fractions (eluting at --0.3 M KGl) were assayed on supercoiled DNA template for specific and non-specific 
'0 endonucjeases/topoisomerase by electrophoretically detecting the change in nnolecular weigh 

DNAafter incubation with an excess of DN A polymerase: Exonuclease contamination: was detected following incubation 
with smalHineairDNA fragments. 1n; peak fractions, an '-SSkd protein was found to be the major band, the majorpool, 
: designated Fraction VI, had the highest polymerase activity with minimal; detectable endonuclease activity when this: 
pck>l: was assayed for 30 minutes at 55? G with -^3-5 p^^ 
: ■■■fS-y. ; Fraction VI was dialyzed against 10 mM;KP04 pH: 7.5,: 5 

; : 0:2% ;Tween ;26 (HA buffer). The dialy zed; sa and the enzyme ! 

eluted with a linear gradient of 10 to 250 mM KPO4 pH 7.5, HA buffer. DNA polymerase activity began to elute at 75 
mM KPO4 with the peak at 100 mM KPO4. Active peak fractions were assayed at 1:100-1:300 dilution. As in the prior 
;: ; chromatography step, a 1:10 dilution in diluent was pre^^ 
; ; 20 , no significant endonuclease or double-strand exonucleasewhen assayed at 55*^G with 5 polymerase unitS: were pooled ; 
and designated Fraction VII. 

Fraction VII was dlalyzed against a solution of 25:mM sodium acetate pH 5.2, 5% glycerol, 5 mM p-mercaptoeth- 
anol, 0.1 mM EDTA, 0.1% NP-40, and 0.1% Tween 20; adjusted to pH 5 at room temperature. The dialyzed sample 
was applied to a 2\ml DEAE-Tris-Acryl-M (LKB) column pre-equilibrated and subsequently washed with the same 
/ 25 buffer. The fraction containing polymerase activity that did not adhere to the column was pooled and adjusted to 50 
mM NaGI in the same buffer to yield Fraction VIII. 

Fraction Vlll was applied to a 2 ml GM-Tris-Acryl M (LKB) column equilibrated with the same buffer (25 mM sodium 
acetate, 50 miyi NaGI, 5% glycerol, 0.1 mM EDTA. 0.1% NP-40, and 0.1% Tween 20). The column was washed with 
^^^^^^^^^;^^^ : ; : 4^^ with a linear gfadient;from 50 to 400;mM; NaGI in sodium ;; 

: 3a ; a^ eluted^r-O^IS-O ^O M NaCL The polymerase activity was a 

;300:to;1:5G0 dilution with the first dilution 1:1 0 into diluent without gelatin ;for:fhe:SDS^PAGE analysis^ An assay acrc^s^ ;; 
the activity peak on; su percoi led DNA templates for specific and non-specific endonucleaseA using DNA 

poiymerase-assay salts (25 mM TAPS-HGI pH 9.4, 2.0 mM MgGIg and 50 mM KGl) at 74''G was performed, as well as 
assays for nucleases on Ml 3 ss DNA and pBR322 fragments. Active; fractions; with no detectable nuclease(s) were ;; 
:35 pooled and run on a silver stained SDS^PAGE mini gel. The results show a single -^88 kd band with a specific activity ; 
of -250,000 units/trig. 

This specific activity is more than an order of magnitude higher than that claimed for the previously isolated Taq 
polymerase and Is at least an order of magnitude higher than that for E. coll polymerase I. 



■40 EXAMPLE VII 



The Taq polymerase purified as described above in Example VI was found to be free of ariy contaminating Taq 
... endohuciease and exonuclease activities. In addttiori,^ 
: tainirig from about 0. 1 to about 0.5% volumeArolume of each non-ionic polymeric detergent empto^^ 
.45 thestoragebufferconsistsof50%(vA^)glycerpUP0mMKCt.20mMTris-GlpH8:0.0.1 mMethy^ 

acid(EDTA), 1 mMdithibthreitol, 0.5% vA^ NP-40, 0.5% v/v Tween 20, and 200 ^ig/mlgeM^ .: 
VV-'-- at -20^G. .-"-V^ 

. The stored Taq polymerase was diluted. in a buffer consisting of 25 mM Tris Gl pH ,8.0, 20 rriM KGt, .1 mM p- 
. mercaptoethanol, 0.5% NP-40, 0^5% Tweeh-20, and 500 ^g/ml gel^^^ 
: ■: ; ■ ; o so ; 50 mM KGI, 10 mM TrIs-CI, pH 8.3. 1 .5 mM MgGIg, 0:01% (w/v) gelatin, 200 jiM each dNTR 1 ^iM each of the primers 
, that define a 560;base.pair target sequence on a 
; :; asie/assay in a fihal .volume of 100 j^iJ. template was;ad^ to the reaction buffer, the sarrtple^ placed in a 0.5 riril poly- 
: : prqpylbrie tube, and the Sample topped with i 00 \i\ of heavy mineral ioil to preyeht'evappration: . : 

: ^;pAt leastta ld?-fold amiplification wais achieved when the folbwing cpnditionistWere ernployed using 1 ng of control. . : ■ t: 
: 55 ■ ^ : tehip late;(ba^^^ X ON A) where the target seq uence represented app rpximately i % of, the starting mass of DNA. . . , 

. . > ;;.v>p^ mixture was denatured for one minute, 30 seconds at 94^G, by placing the tube in a.heat bath! ^ 

; : : ;Th ^ in a heat bath at 37'* G for two miinutes; Then the tube, was placed in at 7i2^G for : 

. : three miriutes, arid then in ;the, heat; bath at 94°C fpr orie^lminute; This cycle was Wpeateij^fbr aibt , 
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■50 



the end of the 25th cycle .the heat denatu ration step at 94° C was omitted and replaced by extending the 72**G incubiatidn: 
step'by an additional three minutes. Following termination of the assay, the samples were allowed to cool to room 
ternperature and analyzed as described in: previous^ e^ 

. The teinplate may be optimally amplified iwith a different concentration of dNTPs and a different amount of Taq 
polymerase: Also, the size of the target sequence in the DNA sample will directly impact the minimum time required 
for prbper extension (72°e incubation step). An: optimization of the temperature cycling profile should be perfonned 
for each individual template to be amplified, to obtain maximum efficiency 

EXAMPLE VIII 



Taq polymerase purified as described above in Example I was formulated for storagea^^^ 
:: exan^pie. but without the non^ionic polymeric detergents. When assayed for activity as described in thatexannp 
; ::enzyrTiiB ;storage;mixture was found to be i^ Tween 20 were aidded to:the stora 

, ; the : full -enzyme activity wais: restored, indicating that: the presence of the non-ionic detergents is necessary to; the 
^5 ::; - stability of the ^ 

::: EXAMPLEJX " 

! : :;>^^^ 

: The Klehpw polymerase arhpliflcatio 

; ; ■ ; ; unreiat^ 

25 37**bj. ^ylevertheless, by Southern blot a specific iiO-bp beta-globin target fragment was detected In alj lanes: A sub- 

: ; 

1^ :ilG^p;;tairget iseq^ 

:V;;Vx" ;x which -i^^ 

-30 :;;>;; :cataiy^ 76^C befdre;theenzyrri€i eahibhed significant a^ 

: ^ iron^ 

terriperBture, only highlyeomplernehtan^ substra 

:; sion^:^^ 

: fragment because; the non-specific extens 
35 ;■ : amount of l lO-^mer that c^ 

; • :E ■■ :■■ 

^/^dQ\2i .0-01% geiatin,:.t:jjiM of ^^e the.fdilowing prirtiers (to arTiplify:a;i50;bp r^ 

5 * -CATGCCTeTtTGCACCATTC-3^^^^^^ 
5V-TGGTAGGTGGATTGTAGCT6-3'{R^^ 



:;;fl:5;:mM;of e^ of Taq polymei-ase per lOO j^ 

^;if3iepared 

:;:Cyciing:;machiria d[esp^^ following cycle^: for :30 cycles: ^ 



' ^-'■-:-^-:06m'^ or 55°C fpr iiminute''- , -^z:. : 

■ ::'--^vi:|*)p!^^^ toM'nriinute::';; V' \ 

..^ ;Kold ■a^;76°C .f br;^ 'seconds V- . I \ , ■ : ■ ■ : ■ 
V: the 2,5 units/i 00 ;^l ;Taq enzyme idilutipnogave; the 
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agarose gel electrophoresis over all other Taq polymerase concentrations. At. 45°C, the 5 ! units/1 00 ^1 Taq ehzyrhe ■. 

gave the best signal-to-noise ratio over the other concentrations. At :55**.Ci the 5 units/ 1 00 Taq enzyme gave the :b^^^ 

signal-to-nbise ratio over the other concentrations and over the 45^ 

ase has more specificity and better yield at SS^e. 
s ' In a separate experihnent the Molt 4 DNA was 10-fold serially diluted into the cell line GM2064 DN A, containing 

ho p- or §-globih sequences, available fronn the Human Genetic Mutant Cell Depositoiy, Camden, New Jersey at 

various concentrations representing varying copies per cell, and amplification was carried out on these samples ias 

desicribed in this example at annealing temperatures of 35X and 55-^ At 35°Ci the best that carl be seen by agarose ^ 

gel electrophoresis is 1 copy in SO cells. At 55** C, the best that can be seen is 1/5i0GG cells (a l 6o-f old improvement 
10 over the lower temperature), illustrating the importance of increased annealing temperature for Taq polymerase spe- 
.. cificity under these conditions. 

: In a third; experiment, DNA from a cell line 368H containing HI V-positive DNA, availablis from B; Poiesz. State 

University of; New York, Syracuse, INY. ra 

on March 1 9, 1985; an EBV-rtransfonTie 
^5 . at various concentrations representing varying cop 

Example alianneaiiing temperatures 

: i ; 20 i 5 '^ATAATetAGCTATeeGAGTAGGAGAAAT-i 

5*-TTXGGTCCTTGtCTm^ 

The results by agai'ose gel electrophoresis showed that only the undiluted 368H sarhple could be detected with ' 

■ ■ \ EXAMPLE XI 

: ; :;:CpNA::Was:^m 

■■^/■{y-j 30 volume:c6^ 50 mM KCI , SO.rnM Tris-HCI (pH 8.3). 10 mM MgGlg. : 5 ; mM ptf;; 0:5 mM dAFR 0:5 :rnM;dGfR ■ 

, J0:5;m 

reveirse'tfanscriptase (BRL) and iric^u^ 
: . ;at;;95**C; :Tw6|ig RNase A was ad 

■ at^ay'^c. ■ : ^ ' : ■ : .■ ' . ■ ■ ■ ■ ' '\ ^l -/'^ 

35 Three annplificatidn reactions we re^d^ 

: VRC03/PGG4 define a 

:primer pair PC03/oligo(dTj25-X an about ^ complementary to the human 

: p-globin gene and each has twoimismatches with the rabbit gene. PG03 and PGp4;a in Example I. RS45 

^ ■:;:;:'.:^;:5:':^CAAGAAG^^ 

' .45 : : The; amplification reactions were; pierfprr^ (5|il) of the;cipNA ciescrib&J;aboye-;^ 

:;'yolurne:conta 

. ■ 6r:RS45. 1-:^^ jTi^^■:TTP;W^ dGTRT^je sa^ 

:;:/^y-C 

: : : The samples were s ubjected ito 1 0 cy^ of automated ; amplification using : the ; rtiachirie :described;: in iExampjeH^ 

: ^ over 2-5 minutes (denature);- : : 

: . 2) cooling frofTi 98°C to. 37?^Si;6W^^^ • , 

i 3);addiiiig :.1::unit Kl^^ 



■ A) maintaining at 37'?P:for 20 rriinU^ 
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The final volume of each sample was about 1 40 ^il. . 

One-twentieth (7 |il) of each sample was analyzed by electrophoresis on a 2% agarose gel. After staining: with 
. ethidium brorriide, discretiB bands were seen in the Peb3/PG04 and BS45/Gllgo(dT) samples. TUe sizes of the bands 
were consistent with the expected lengths; 110-bp for: the fomaei-, about 37prbp for the latter Na^ of amplifi- 

cation of an about 600-bp fragment with the PG03/oligo(dT) primer pair w^^^ 

The contents of the gel were Southern blotted onto a Genatran nylon membrane and hybridized with a nick-trans- 
lated human p-globin probe, pBR328:betaA, described in Saiki et aL Science , supra , using standard techniques. The 
resulting autoradiogram extended the conclusions reached previously - the 110 and about 37b-bp fragments were p- 
globin specific amplification products and no significant amplification of the about 600-bp band was detected. 

Three additional; samples were amplified with the Taq polymerase obtained as described above using the same 
primer pairs deiscribed previously. Five microliter portions of cDNA were amplified in 1 00 ^1 reaction yotumes containing: 
50 mM KGI, 25 mf^Tris-HGi (pH:8.0), lOnriM MgCla. ^ 1 ^iM PG04 

or bligo-(dT)25-30; 1 ;5 nriM dATR 1.5 mM dCTF\ 1:5 mM TTP and 1:5 mM dGTI^ The! samples ^^^^ 
minutes at gS'^G. then cooled: to room temperature; One microliter of Taq; pblyrrlbrase:{ 1/8 dilutioh 
to each and overlayed with about 100 |il mineral 6iL: 
; ; The;samples.:were subjected to 9: cycles of am 
using the following program; 



20 



25 



30 



40 



so 



55 ■■ 



\ i j 1 mihv;;35:to 60'*G;ra^ 
:;2) 12 mia;60 to,:7p*bra^ (extericJ); v 

3):; li:rhin. ; 70-?5?G ,: . 

■ 4) 30 ^ec:.. 95°C soak;; 

.5).1;min., 95 to 3 

6) i^ sec.^^ 



: ' ;. Afterthe lasticycle,^ samples Were incubated: ah additional 1 0 rhihiites at ;70*^C to complete the final :(i 0th cycle);. 
. . extehsion: The final volume :of each^ w^ 

; . were present in all three samples; IliDebp for PG03/PC04, about 370-bp;for RS45/oIigo(dT), and about 600-bp for 

35 ; ::PC03/pligo(dT). Th^^^ 

• The ;prpductidn of the ;600-bp F)rodu6t with Taq pplynriera^^ 
:■ suggests that-^'pblymerase is capabte^^ , v 

^^^^^^^ . T^ 

Fifty-Third Street,::Emeryyjllej:Ganforriia/;^ and with the America^ Type Gulture Gollection, :1 2301 Parklawn , 

Drive; ;R9Ckv(lleiM 
: . thfe International ;r 
; : ; ;;:;;th;^^^ Treaty): This assiireis ma^^^ 

V ; brga^ : available ' byiiAJGC ;;under:;ffi sin agreement ; 

^: : b 

45 : ability of tha depbsited 

: grantbdi under the authority^^ 



Deposit Desiighatipn;; 


;t;Mcc;No:4 




;^:^iPej30iSft:; 








.6/3/87,: 


>E:X0li-pG9#^ 


:^'i:i>-:::.3^28.' 


..;:::-^.42i;-o: 


, 5^9^7 ; 


E; coli DG98y^FC85; 1 


3:i27 " " : 


_:::;;^7.422-;.:- 


;;5/29/87;:: 



i; :: ;:;lri;;surinmar^ 

sequ erices ; using a temperature^ycleci' cha^^ ehzyme; rihi V^ reaction; primer extens ion : 

:; products: a 

.esfieciailyiuseful in dete ■ 
; nucleotide: variations using s 
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molecular, cloning: 

The prociess herein results in increased -yields of arnplified product, greater specificity, and fewer stiBps necessary ; 
to carry out the amplification prcrcedure, over what has been previously dis 



Clialms 



Claims for the following Contracting States : BE, CH, LI, DE, f R, GB, GR, IT, LU, NL, SE 



1. A thermostable enzyme having DIM A polymerase activity that catalyses the combination of nucleoside triphos- 
phates to form a nucleic acid strand complementary to a nucleic acid template^^^^^ that has a molecular weight 
of 86,000 to 90,000 as determined according to its migration in SDS PAGE, vs^en the marker proteins are phos- 
phoryiase B (92;500), bovine serum albumin (^^^^^ carbonic anhydrase (31 ,000), soybean 

; : . trypsin inhibitor (21 ,500) 

20 2, The therrhpstable ehzyirie of claim;!t;or 2 which is a DIsiA ppiymerase; ^ 
: |;^.:4^ Thermus aquaticus. :; ; 

^ ' •^■;^■':■i,■■pH 8.0.'; ■. ' " ■ ' 'V'^'l;;; ■ ' '/ ■ ' ■'. \\ • ■ v, "V" ■ .' ' ' . ' 

7v The thermostable ehizyrhe 

(aj recoyering the cells from a medium and lysing the.cells; 
(b) collecting the: protein fractibh^ b^^^^ 
nrionium sulfate; ■ 

55. : (c) subjecting the recovered fractions; to chromatog^ DEAE^ellulose column and collecting iprc^ 

tein-cdntaining fractions;:^^ ;^^^^^^^ 
(djapplyingthecollectedfractioris;^^^ 
V . cle ic ;actd::polyriii3rase activ^^^^^^ 

: (e);subjecting the combined. fractioiis^^^ chromatography using a second DEAEt^^^ 
; : ■:; : with a second buffer: and pooling :nucieic;;acid 

- : - ■ ■ , ■ ■ ■ :■ ■ . and . ■ : . ■' : ■; :\ ■ ' ; ' ; -y, ' ' ■. ' ":: ■ : ■ ■ ': '[ ' '.-'■.[ ■ ' ,'■ r : -i. ' \ ■ ■ ■ ■ ■ ■ . ■ . :-; ^ ■ ■ 

/ i^Jf) applying t 

: : with a K<?| gradiernt ian 

andfxxjiing fractions with; po^^^ ^.^ ; . 

■45 .. ■" .V'- '.'.'[■'. ''- ■ ^r-lW.''' 

from a bacterial culture Jcb 

. ■ >steps: . • ' ;■- V: ' ' ; /;';■:; 'V <'■■■■[ ' ■ \- '■ ' A- / ; ■ . .' ■ ' ■ ' " . ' ' ": ' : ' ■ 

■ ■ Vifellh^ lysing'th&iceils^ j^^^^^^ 

: (b) pr^ciprtatirig the;hucleid nucleic 
., \\acid.;polyme 
:: (c) 'col lectin g th^ip 

: : ::;i 4;; ;(d):;^ 
;;;:;;>;.^f6rrTii^ 

; and pcMDjinig :f ractions; wiih;^^ ehddnuclease actiyity^ • ■ 

i^:^^^;' : : (^ 
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; polymerase ad^^^ V 

(g) subjecting the combined fractions to chro^ 
cleic acid polymerase<phtaining fractions; and 

(h) applylng.the pooled fractions to chromatography using a CMrTris-Acryl M column, performing elution with 
s an' NaCi gradient and pooling. nucleic acid polynnerase fractions with no detectable nu 

. 9. A DNA sequence encoding a thermostable enzyme having DNA polymerase activity that catalyses the combination 
ofnucleosidetriphdsphatestoformanucleic acid strand complementary to a nucleic acid template strand according 
to any one of claims 1 to 8 or a fragment of said DNA sequence encoding an enzymaticalty active, truncated 
10 thermostable erizynrie having DNA polymerase activity. 

10. The DNA sequence of claim 9, \^ said enzyme or fragment thereof is not irreversibly denatured when sub- 
jected to the elevatedleiriperat u res for th time necessary to effect denaturation of double -stranded nucleic acids. 

11 . The iDN A sequence of claim 9 or 1;0 which is obtainable from a thermophilic ; bacterium :by a process comprising ; 
■\y ^ithe/fbjjpvvi 



:>30. 



40/ 



■45. '■ 



iso: 



■ : e^ 

20 : .(b) construction '^^^ 

V :(cj; screen ing^o^^ with ;thie radiolabeled ;probe obtained by step (a); and : - 

: :! (d) isplatm^ : 



^ . .: . :DN A' jpotymerase; activity. : , - . 



j:12::;;pi0;;pN 
h13v ilheiD 



■(aj;the>^i.1 5^b aquaticus DNA fragment of pFG85 (ATCG 67^421); 

(b) the:--750 bp Bglll^Hindiir Thenmus aquaticus DNA fragment of pFC83 (ATCC 67.422): 
. 35 , ■ : : (c) the Hindlll'BamHi iTheirmus aquaticus DN^ pEG85 (ATGQ 67i42 1 :); 

(d) the :r-2.8:kb Hindlli-Asp7:18 Therriius aquaticus DNA fragment of pFG85 (ATGG 67,421 ); and 



14i;;iThe; DNA sequeric l3, which is from T:hermus;aqu^^ 

::;15J;:;:lTie^ 

■ :';;;(par^ genome of : ThermLis -iaquaticus; qr;;th^ ; DN A; of ;bacteriopha^ 

;16;;;;iliel^ contained vyithiri ah; approx^ 

:\::;f^stric^^ 

;;iii(;il:;iTKe:D|^ 

, _ ;> • .enzyirie. :; . .," ; ; j : ■ - .> ' -oyi^/'y .- v ; ; ; ' ' ; - ' : \-' ' - ■ - ■ - i;. ■ ':t ■ ": ' . $ ■ '■■ ■ ; : ; ■ ' i:^ ' ■ : ' ■ 

!::!:: or fragrnentpf;aliy;on0;of 

■ffs;^ (ATGG:: 
; ;;, apprpx^ pFC 85. . 
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2\. The recombinant vecbr of claim .19/ where in s^^ expression 
cpntrol sequence. 

22. A recombinant host cell containing a vector of any one of claims ^ 

23. The recombinant host cell of claim 22 which is E. coli. 

24. A method for the production of a recombinant thermostable enzyme having DNA polymerase activity or fragment 
thereof ihavirig DN A polymerase activity, which catalyses the combination of nucleoside triphosphates to form a 

10 . nucleic acid strand complementary to a nucleic acid template strand, said method comprising the cu llu ring of a 
■host cell of claim 22 or 23. 

:: 25;vThe method of: claim 24, wherein said enzyme or fragment thereof is not irreversibly denatured when subjected; to 
■ the : elevated temperatures -for the tim^^ effect denatu ration of double-stranded nucleic a^ 

i : 26. A recombinant ^;^t polymerase;-actiyity or; a modification thered ihavinig^p 

.;^:.;^^^.^^^^^^ ■ 

xiplehrieritary t6:a:n 
; 86;000 to ;9OiG0;as deternriiined a^^ 
20,. . ryiase::B (92i500), bovine.; seru (66,200)/ovalbumin (45,bd0)i carbonic anhydrase .(i31 ,000)/ soybean 

trypsin inhibitor (21,500) and lysozymiB (14,400). ; 

■^■^ : ;^^^ 

.■\ :>-:^^:;'::bonL^ 'v ;x-:^^/;■ ^---z -^v-; ■'■ ■■■:■ ■'■■■.'■;■,■■ 

i ;28. ;;The reconnb^ 26 or 27 that. is not; irreversibly denatured when subjec^^^^ 

^: ry^^^^^^ for the tirrie neice^ssai^ to effect denatu ration of double-stranded nucleic 

; !;;;|;; ; 29.^T^ any one of claims 26 to 28 having at least 50% of ;;the a^^ 

;3o; :- 4^ 

: .! ; : 30;|A^s DNA polyrrieirase:: activity of: ari^^ 

; ; c lairns 1 : to 8,: a recomb inant thermpstable enzyme or f ragrnent thereof : having DN A pplynierase acti vity . obtained; ■ 

thereof having DNA polymerase ::aGtiyity;: 
55^^^^^^^^^^ : ;o^^^ 26 to 29 :in a buffer comprising one or more non-ionic p^^ ^ ■ 

, ; : ;,3 each present in a concentrat ion: of. about 0:1% to about 

; :<f|^;;; ; : 32^ 30: or; si;; wherein the detergents are 

ethoxy lated noriy I phenol . • 

:;::::: :;3^ 

:; ■ :;; :^ sorbitan monolauratei an etfib)^ 

^f^' ■v.-:v.;.'--;ge ■ ■ ' ' :.:v:"".: ^ :.■ -v :>.'-;:---';^^ 

■ -i: ■ ; pdtymerase-activity of any one :6^ 

:>;::;:;:.;: i;:; :;^^^^; ;;t obtained; by the rriethod of diairp 24;G 

: : : ; thermpstabi^^^ 

y;:; -;^ .;;;^ one bf 'cla|nnis 30 to 33^f^ 

:;: > ;:;■;;;! ::S^^^^^ 

;;; |:;::: :;: • ::^^ 

;:!^;|:|:;;:;^ ;:|^^^ or::of a istable enzyme; com 

' ■'.■VbfeimS:;36^':to ;:^;>'-./''^ 'yH ■ ' ' ' ■ .;'■ , ' ' ; ■ • ' 'V' •■■ ■:■ ■: ^ :;•?.'/ 
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Claimis for the following Contract in^^ 

1. . A methcxi for the preparation of a thermostable: enzyme; having DNA polymerase activity that catalyses;:the com- 
bination of nucleoside triphosphates tolbrm a nudeic adci str 

that has a molecular weight of 86,000 to; 90; 000 as detertnined according to its migration in SDS PAGE, when the 
marker proteins are phpsphorylase B (92.500). bovine serurn albumin (66,200), ovalbumin (45.000), carbonic an- 
hydrase (31 ,000), soybean trypsin inhibitor (21 ,500) and lysozyme (1 4.400) said method comprisi 
strain of a thermophilic bacterium or a recombinant host cell hartx)ring a DNA sequence encoding said enzyme 
under suitable conditions and isolating said enzyme from the culture. 

2. The nriethod of claim 1, wherein the thermostable; enzyme is not irreversibly denatured when subjected t6;the 
elevated temperatures for the time necessary to effect denatliration of double-stranded nucleic acids. 

3. The method of claini l or 2, wherein the themipstable enzyme i^ 

;:::The method of any one of claims 1 to 3, wherejn the t^ derived from Thermus ; 

: ..■ ■ -aquaticus. ■ ■ , ■ ,■..-..; : .■-■■■:.;:\!'--V::->^ 

. 5; The, method of claim wherein. th^; thermostable:^ Is an enzyme derived from: 

p20"- -:;-y' ;:;■■■ ■; ■:■■ ■■;; ■ . ■ ■-;-:;y.::.J^:-' ■■:xV::: -,:: : 

: 6; TTie method c^i any one^^c^^^ 
■■■./6.4thatit'hasatpHad- . . 

;:|;^5 :;:;;^:; 7^ 

anci;whereih:;siaitd ;methcd com : ■ - : : 



10 



.15 



• y 45 ;ahd 75%;S^ 

.::30, :'::;■-. ■ .rnpfilurn-isulfale; vX' ■;./-:^..:-v: /; /■.;;-.:■::.■■:.■:■.-. :.-,:--..--,.^ 
;: (c); subjecting; the recovered; tractions 
: :tein-c6ntainihg:1ractipns;-/; ■ 

(d) applying the collectediractions to a hydrpxyapatite column and combining e luted tract ions;:Cdntaining nui- : ; , 
cleic acid polymerase activity; 
35 . ;(e) subjecting the cornbined fractibns to chroma^^^ 

■ w 

jy.--. :. . r,. -;and■::■•^-■■',:,■-■. ■ '■.:':.■ ■-:.■:■■■:■.■/■./. ■ ■ ■ . :V:v ■ ;:■ ■■•■:^■■■ 

! ;(f) applying the pooled tractions to chromatpgiBph^ 



40 : : : and fxwling fractions with; poiynri^ . 



: : : : ^ ®- -The -method of; an 

;.::■■: : aquaticus : or frphfi: a. bacte 

comprlsesihe -following ::steps:: ..:■.-■.:'' ..' 

r::(a) harvesting the cells tram a m ediurri^^ a : 
; . (b) precipitating the nucleic a 
■ : 'acid polynnei*asie a^^^ 

^■j^^y-:-^^ ■■/'•: SO'.-: ;! ■: :;:(d);:subjecti perlr ' :;■■ 

. forming.elutidn with a and popling fractions contain ihg n ucle ic jacid pb jymerasa 

;;::S^ 

;^ .; ■ ;;^^ 

:::, ;;,; ; ; : 55. ; .i^polyrper^seiaptiy^ f ^ 

■ : : ,;:::!^:; ^^^ 

v'^''- :^y':}.V/ V-.'-: ■"■""^■:5;IeiC:;acid;:polyme 

: :(h);applying the pooled fractlons to chromalography u 
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. an NaCi gradient and pooling nucleic acid polymeraise fractions with no detectable nucleases. 



9. 

that catalyses the combination of nucieoside triphospfiates to to 
5 acid template strand according to any one of claims i to 8 or a fragment of said DNA sequence encoding an 

. enzymaticaliy active, truncated thermostable enzyme having DNA polymerase activity, said method comjDrising 
the following steps: 

(a) identification of a DNA sequence probe for the thermostable enzyme by immunological screening of an 
10 expression library containing the genome of a thermophilic bacterium with antibodies to the Taq thermostable 

polymerase; 

(b) construction of a genomic library of the target DNA; 

: ; (c) screening of the genomic library with the radiolabeled probe o^^ 
(d) isolating phages containing DNA encoding the thermostable enzyrtie. 

10; The -rhethod of clainn 9, wherein said enzyme ^o 

: i ::the. elevated terriperatu res for the tirlie necessaryitd effect denaturation of double ■ 

; : ; li^^^^^ 

■ : : . 12^ :the 

: :(^^ Alul Thernius aquaticus DNA fragment of pFCiBS. ^ATCC; 67.421 ); 

25 ■ -750 bp Bglll-Hindlll Thermusaquaticus DNA fragment of pFC83::(AtcSi67i422); . 



:■: (d) the>-2.8 kb Hindi II -Asp7 18 Therm us aquaticus DNA fragment of PFCBS (ATGG 67.421 ); and 
, (e) the BamHIrNhel Thenrius aquaticus DNA fragment of the: insert c^ pFG85:;(ArG^ 

; : V . ; 1 3/ the method of : any one of cl^^ ■ : . 

, :;14^^ t^ 

, ophage GH35:Taq#4-2 (ATGG 40,336), • 

. ; : 15: :The method of claim 1 3, wherein the thermus; aquaticus DNA sequence 

kb Hindlll-Asp718 restriction fragment of eitherjthe genome of Thermus aquaticuis br thefp^ (ATGC ^ 

■ ., • ■ "67.421); ■ - ■ ■ \ . ■ . ■ .:; ; 'v- ■ ,\ 

: > : 16.i The method of: any one of claims 1 2 to 15, wherein the DNA seqiierice codpn; : 

■ . : :1^^^^ 

:-;thermostable enzyme/ 

. 1 iB. , A method for the- preparation of a irecombinant vector comprising .the^^ pr fragrfi^nt :; 

V :;, : :;i9/,Tlne;r7iethcd^ wherein the recbmbiharit vector is GH35:TaqlW-2 (/iTCC 40;i336j;:pFp83^ 

, . plJGes, (ATCG 67,42i);or a vector, the insert of which is composed of the about 750: bp: Bglll/Hindlllfragm ? ::■ 



. 55 : 



20.- The :mi9thqd of .claim [ 1 8. ;^ereip said ; DNA sequence pr fragment is dperabty :linke<^ : . J 

;" ■ ?.sequeihce^ ■ -V ■"' ; ; ■ * . ; ■ " • " ' " " : ; ■■. ;- ■ .: ■ ' - ■ "' ■': ■ ;' ■ ■ ■ ..-C.;"; :, . ; M ' 'v' ' ■ ■ , ' :: M!; I' 

.|:2ii|;:.:i\ rec^ any one of claims.18!to 2prr^; 

::22v:;The;recombinaht hbs^ .wtiich is E: coli! 
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20: 



■25' 



:45:: 



23, A miBthpd.for the prpduction pt a recom 



to fomn a nucleic acid strand complementary to a nucleic acid template strand, said method comprising the eulturihig 
of a host cell of claim 21 or 22. 

24. the method of claim 23, wherein ^aid enzyme ormodificatibri thereof h of 86,000 to 90, 00(D 
as determiined according to its migration in SDS PAGE, when the marker proteins are phosphorylase B (92,500), 
bovine serum albumin (66,200), ovalbumin (45,000), carbpriic anhydrase (31,000), soybean trypsin inhibitor 

. (21 ,500) and iysozyme (14,400). 

25. : The method of claim 23 or 24 wherein the recombinant enzyme, fragment or modification thereof are free from 

contaminating thermostable deoxyribonuc lease activity. 

, 26. The method of any one of claims 23. to 25, wherein said recombinant ienzyme, fragment or modification' thereof 
IS ■;. are not irreversibly :denatured wtieh subjected to the elevated temperatures for the time necessary to effect;dena- 
ituratiori of double-stranded Inucleic aeids::; ^ : • 



; 27; The - method of any - one of ; da 

Ieast 5p% of the activity at pH 6 4 thatiitihas at pH 8;0. , ; , 



: 28.; ;?A iTiethodfprthe 

:; DNA polymerase acti^ 

fragment or hnodificatioh thereof having^ of any one of claims 2^^^^^ 

to 27 with a buffer comprising one or more non-ionic polvrneric^ d^ 

;^2i9;;:;The.; method :p^^^ 

:;Volumeyybiumdof th ■ '-i^^^ 



30 ylated.noriyi phenol. 

> 31 TTie method of: any o^ of claims 28 to 30, wherein glycerpl. jris^Ci . :pH 8.0,' e ' ; 

tetraacetic acid, djthiothreitoii a polyoxyethylated sorb ' 

35 32. vAithermbstable enzyme having DNA polymerase; activitv^ that c^^ 
; : phates tpforrrt a^n 

. . ■y-^^;;;^^^: ;o 
^f'i:^'-'/:,:'. ;;phpry!ase;0:i(92i5^^ 

! ' % lysozynie:;(1;4,4G0)- : > :;\ 



33.::The;thermost 
; ■ ; ;;tures for the^ W 

34/ :The1herrfiostable^ enzyme of claim 32l;br:33'wh^ 
; :;:;|?5.;; the;the 

: 'i ; : ;^ 04):: 

:'';:/;'; x;-7 {/at pH'8:p:=:" . :"■ \: "■ . . : y' -y/.: '.'^ ;f'f;-:: ; --l^M^M- -V/^-'/vM':'- '■. l.'-''-. ■ '■ ■ ■ 

.v:^.;;;39: A D^ 

of nucleoside triphosphc^ acid template strand according, ; ■. 
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: 40/ Th^ DNA sequence: of clairVi 39/^^^^ said enzymie or fragment 

subjected to the elevated temperaturies for the time riecessiary to effect denatu ration of double-stranded nucleic 
acids. 

5 41, The DN A sequence of claim 39 or 40 which is obtainable from a thermophilic bacterium by a process comprising 
the following steps: 

(a) identification of a DNA: sequence probe for the thermostable enzyme by immunological screening of an 
expression library with antibodies to the Taq thermos^^ 
to (b) construction of a genomic Hbrary of the target DNA;^ 



20 



30 



(a); and 

(d) isolating phages containing DNA encoding the thermostable enzym 

Of a fragment of said DNA: sequerice^^^e active; truncated thermostable enzyme having 

?5 DNA polymerase activity - : : ' 

: : 42; 

... " :^■'pblyiinei:ase;.;^.; 'r'^::':^^^^ '-^^ .'J- '■y/^y\:.-y-:}^- \.- ' v- ' .:■ ''::y..:'^. ■' .>\y:'^'}':: 



43; line DNA: sequence of :;eiairh ;42;w^ ■ : 

. ■ : : (a) the 115 bp EcoRI Adapted Alul Thernius^ pFG85 (ATCG:.67;421): . 

:■-: i^V-^^^^^^^^^^^^^^ 



:::25^^^;^.:-^;^^. : :v^ 

: ::M the r2.8 kb Hindlll-Aspyis lliermus a^ 
(e) the BamH^ 



44;;:1lie^)NA;sequiBnce ofa 



45;:::lTie;7iiermusaqua^ 

N (partial) ;restrictiGr)^^ of Thermus ; aquatieus or the : DNA of babteridphage GfH35: : : 

• TaqM-2:(AT(:jC 40,336). : ■ • 



35 46. 



; restrictipii f ragment of : either ithe gisnonie; of i^T^ the plasmid -pFCSS (ATCG 67;421 )' 

. 47. : : lTie 

40 ■ : : 

: ' . :ehzy m e;'- .": ' ■ • ; o -. -: :;;.;:;.;.■.:, v ; ; -. ' ■ ^- , ■ ■ '[ y^. : „■; ■ ; : :■ ; . "'■ ' . ■■. ■■ ; 'J-- ' - > % ' ' ' ; 

:::.r 3? to 48: 

: ^5 : : 50.: The reci^^ 

:: : :;:67;42lij o abbut-750 bp Bqlll/Hihdl li : fragment of p 

> :::;ap 

: St. The recombinant vect^ is operabiy linked to an expression - 

_ - 50. ■;:■■:;• : " '(^htrolj'Si^u ' y- I ■'■ :': ■; ' [ r ■ • ■ - '.,'■':', '■] • " ■ '■'":::■ ■: ./ : ; ;v :: ; 1 \ "■■V;. ; ■ , ■'■ ^^-3 'ii , • / ; ■ •'- : [ ■ 

Sj^:: : i.^^ 

:;■::: ;ry|as^ ic :atnhycirase:(31 ,000), soybean ^ : 
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53. The rebbrtibihaht enzymis^ 
; .bonuclease activity. 

54. The recombinant enzyme or modificati^ 
5 to the elevated temperatures for the time necessary to effect denaturation of 

55. The recombinant enzyme or modification thereof of any one of claims 52 to 54 having at least 50% of the activity 
at pH 6.4 that it has at pH 8.0. 

10 56. A stable enzyme composition comprising a thermostable enzyme having DNA polymerase activity of any one of 
claims 32 to 38^8 recombinant thermostable enzyme or f^^ . 
:by the method of clainris 23 to 27 
' of ariyiohe of claims:52 tb .55 ih a buffer^^^ 

\is 57.: TheicprTiposition of claim 56 ■ wherein the detergents are each present in a concentration of :aboutO. 1 % to about 

llieicbmpc^rtiori; of c 
ctho)^lated : horiy 1:^^^ 

Th^^Cdmpc^ 
diaunnihe'tetraafeet 

ge|aitin:^::;x;.;;^'.\ . . - - 

60. The tisebf athermostabte^^ 

ehzyrTTiei havi^ asiclajrheb iniahy one:of claims;;;! 

,;; ; ; re&^ enzyme or modific^ti^ 

: ; ; ;;od pf ariybne;6f clai^ recombinaritthenripstable enizymeor modifi^ 

:a$e activity;©^ 

: ;enzy me composition prepared according to :any one of clainris 28 to 31 for piolymerase chain reactions. 

■ V : 61.^^^ of a thermostable- enzyme hayiri^ 

;PNA pblymefase':^^^ of claims 32:to 38, or a.thermbstableenzymehaving DNA polymerase acth^ 

■ : : prepared aecbrdirig to;a as ;ciaimed in any one of claims 1 to; 8, a reconribinant thermostable enzymie;: 6 

::^:^^^^^:^^v^^^; ^ 23 to 27; a 

; ;.^v ■ r of any one of claims ■; 

52 to 55, a stable enzyme composition of any one of claims 56 to 59. or of a stable enzyme composition prepared . ; ;; ; : 

;^^i^^^^^;^^^^^^^^^^^^^^^-^ ; P 

:': ■;:::;;;::; :;1::>^ 
: ■ x;:^;^:::^^^^^;;^ ;; d^ 

V: ; lerpr^ 

;;:;;::;;; ;^^;:;^ 

3/ . Thermostabile^^^^ . 
^ , ;4f v: T?iei7Tibstat)i Thermus aquatic (is sta^ E nzym ist: :;;;;J;^ >^^^ 
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5; Thermostabiles Enzymnach Anspruch 4, das ein yon Thermus aquaticus YT1 ( ATCC i25, 104) stammendes Erizym : 

. ■;V;.::VV':-'- ■■:vist.^''- ■ ■■ ' .- ■■' \ ^. ' ■/ ■ ■ ■ . . : 

6. Thermostabiles Enzym nach einem der Anspruche 1 bis 5rdas^.N 
5 Aktivitat besiUt, die es bei einem pH^Wert von 8,0 hat. 

7. Thermostabiles Enzym nach einem der Anspruche 1 bis 6/erhaltlich aus Thermus aquaticus durch ein Nferfahren, 
umfassend die folgenden Schritte: 

10 (a) Gewihhung der Zelleh aus einem Medium und Lyse der Zeilen; 

(b) :Gewinnung der Proteinfraktion durch AmmoniumsuIfatTPrazipitatibn bei 45 bi&7576 A^ 
■ ; tigung; - ■■ 

15 (c) Ghromatographieren dergewonnenen Fraktionen mit einer DEAE^^ellulose-Saule und Sammeln der; Pro- 

tein ehthaltendenFraktionen; 

(d) Auftragen der gewonnenen Fraktionen auf eine Hydroxyapatit-Saule und Vereinigung der eluierten Frak- . 
tionen, die Nucleinsaure-Polymerase-Aktivitat enthalten; 

20 ',- :: ■ ■ ' . ;■■ , ... 

(e) Ghromatographieren der vereinigten Fraktionen mit ein er zweiten DEAE -Gel lulose-Saule,: die mit einem 
zweiten Puffer aquillbriert worden ist, und Vereinigung der Nucleinsaure-Pplymerase-Fraktionen; die geringe . 
Nuclease-Verunreinigungen aufweisen; und : 

'■r2S (f) Ghromatographieren der vereinigten Fraktionen miteiner Phosphocellulose-Saule, Durchf flhrung einer Eiu- 

tion mit einem KGI-Gradienten, Uritersuchuhg der Firaktionen auf Endonuclease/Exonuclease-Verunreiniguri- : 
geh sowie auf Polymerase-Aktivitat und Vereinigung der Fraktionen mit Polymerase-Aktivitat. 

8. Thermostabiles Enzym nach einem der Anspruche 1 bis 6, erhaltlich aus einer Kultur von Thermus aquaticus dder 
30 einer bakteriellen Kuttur, die das rekombinant hergestellte Enzym enthalt, durch ein Verfahren, umfassend die 

folgendep Schritte: 

(a) Ernte der Zellen aus einem Medium und Lyse der Zellen; 

. 35 (b) Prazipitation der NucleinsaureTPolymerase-Aktlvitat mit Polymin P und erneutes Suspendieren der prazi- 

pitierten Nudeinsaure-Pblymerase-Aktivitat in.Gegenwart von nicht-ionischen Deter^^ 

(c) Gewinnung der Proteinfraktion durch Ammoniumsulfat-Prazipitation; 

..: (d) Chfbmatographieren der gewonnenen Proteinfraktion mit einer Phosphocellulose-Saule. Durchf Ohrung 
V eirier Elution mit einem KGI-Gradienten sowie Vereinigung der Nucteinsa^^ 
: tionen; 

(e) Auftragen der vereinigten Fraktionen auf eine Heparin-Sepharose-CL-6B-Saule, Durchfuh rung einer Elu- 
i:^: ; : tioH mlt einem KCI-Gradie^iten s^ 

minimal er Endonuclease-Aktivitat; 

(f) Auftragen der vereinigten Fraktionen auf eine Hydrpxyapatit-Saule und Vereinigung der eluierten Fraktio- 
nen, die Nucleinsaure^Polymerase-Aktivitat besitzen und im wesentlichen keine Verunreinigung durch eine : 

'■-■:y--]^'-, Endonuclease Oder eine Doppelstrang-Exonuclease aufweisen; • 

(g) ;.Chromatograpieren der vereinigteh Fraktionen m^ 
Nuclelnsaure-Polymeras;e enthajtenden Fraktionen; und 



.:55 



(h) Ghromatographieren der vereinigten F^raW 
tion mit einem NaGI-Gradiehteniuhd yereini^ 
:riachweisbaire Nucleasen; ' 
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; 9;: iDNA-Sisquenz, die ^in thisrmbstabiles Enzym mrt DNA-Polymerase-Aktivitat codiert. das die von Nu- ■ 

• . clepsidtriphosphaten zur Bild eines zu einem Nucleihsaure-Matrizenstrang: komplemeht^ . : 

strangs l^taiysiiBrt, nach eiriem der Anspm^ bis 8 oder.ein Fragment der DNA-SeiquenZi das ein e^^ . 
aktives; verkurztes thermostabiles Enzym mit 

■ 5 ■ . ■ ' . y. ' ■ ■ ' ' ' 

10. DNA-Sequenz nach Anspruch 9, wobei das Enzym oder Fragment davon hicht irreversibel denaturiert werden, 
wenn sie fur den zur Erzielung einer Denaturierung von doppelstrangigen Nucleinsauren benotigten Zeitraum 
erhdhteh Temperatu ran iausgesetzt werden. 

10 11, DNA-Sequenz nach AnsjDruGh Q .Oder 10, erhaltlich aus einem thermophilen to 
fassend die folgenden Schritte: 

(a) Identifizierung einer DNA-Sequenz-Sonde f Or das thermostabile Enzym du 
eiher Expressions-^enbaiik mit Ahtik6rpern,^d^ 

;(b);Konstruktion^iner genorriisehen Genbank der Ziel-DNA; 

; ;(c) Screenifig derig 
wu'rde; und 

: ; ; ; ;(d};lsolii3rung V 

; :;: oderein FragmehtderD 
* :P6iymerase'-Aktivita^ ■■■■■■■ 

; : :12L ^DNAtI^ 

:;€jie Vteinwen iTh^rrinus aquaticus,:die min 

/ y y:^<^t^t^t^^ Gp(dieit^:als:; Sonde .unhfaRf- ■■ ■ J;.:;^ 

■ :3o' . ; 1 3. DNA-Sequenz riach Ansjprucli..1 2,- wobei die Sonde auis MgendeniSonfdeh ausgeW^ 

; ; (a) das =s115 bp EcoRI -^aptierte Alul -T^ . ,: vr. ; 

(b V das =750 bp Bgl II -H iridll I -Therm us aquaticusrP N A-Fraqment von pFe83 (ATGC 67,422); ' 

(c) das Hindlil-BanriHI -Thermus aquaticus-DNA-Fragment der Insertion von pFC85 (ATCC 67,421); H 

(d) das =2,8 kb HihdHI-Asp71 S ^Thermus aquaticus-DNA-Fragment von pFC85 (ATCC 67,421 ); lirid '']':/: 
'4d---.:. r-y ; (e) das^tom^ 

::--(^'-y-:y\- 14^ :DNA:^Sequenz nach, ejnetTi der: Ahspru • ■ 

;: ;;i5;:;;lTi^rm!Uis; 

-^45-. :; : 3^5 kb groBen Bgll I - Asp71 S -Retstrikt ionsf ragment des Genoms von Therm us; aquaticus^^ 
: - vrioph^ "/■■'■; 

:;;f 

>; vpn Thenrius aquaticus; ;pder:des Platsrtiids pFG85 67;421 :)::einithalten;:ist ■ . ■ t 



20: 



.25 
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Hl7:;:Di^A-S^ 
;;.i1:8i|:pNATS^ 

i19;;::;Flekbmbih 

20: ;P^ yektpr nach Anspruch 1 9,; der;CH35:Taq#4-^ 'pFQ83:;;(A^ 



45 



EP 0 258 017 81 



. (ATGG; 67;42l) ist; oder-ein Vekton dessen Insertion zusamniengesetzt ist aius denri- etwaiTSO bp groQiBn Bgill/ 
iHindlH -FraQment von pFC8i3:und denfi^^^^^ / V 

21. Rekombinahter Vektor nach Anspruch 19, wobei die DNA-Sequenz Oder das Fragnient rtiit einer Expressions- 
Kontrollsequenz funktioniBlt verbunden ist. 

22. Rekombinante Wirtszelle, enthattend einen Vektor nach einem der Ahspruche 19 bis 21. 

23. Rekombinante Wirtszelle nach Anspruch 22, die coli ist, 

24. Vertahren zur Herstellung eines rekonnbinanten thernnostabilen Enzynns rriit DNA-Polynrierase-Aktivitat Oder eines 
Fragments davon mil DNA-Polymerase-Aklivitat, das die Verknupfung von Nucleo^^ zur Bildung 
eines zu einefn Nucleinsaure-Matrizenstrang komplenrientaren. N 
■ifahren dieZOchtu 

: :■ 25; Verf ahren nach Anspruch 24v wobei dais Enzym e^ Fragmerit daydn hicht; irreversibe 

: .//-.i^xS^ 

>f:;-2^^ 

; ■ ; : ; 

. . ; MolekulargewichtTO^^^^ 
. 86; boo bis 90 000 beisitzen, ;bestimrn 

: Vx^f^:^ ;p 
. . .:Tiypsinirih!bitqr:(2r^^^ 

>;;:2^ 



10: 



15 



:::3p :28; iRekonibinaj^tes iEazyrn ode^^^ :26;oder 27, :das (die):^^ 

/Zeitraunri erhphten::^^^ 



■ 29. Rekombinarites Enzym oder eine Modifikation davon nach; einenn; der; Anspruehe;26 bis 28; das: (die) bei einerh 
-35 pH-Wert von:6,4 niindestens 50% der Aktlvita^ , 



:V 30; : Stabile: Enzynn-Zusammensetzuhg.um 
: henn :der: Anspryche 1: b(S:8i^ rekorribinantes therrnostabiles;^^ 

: ::merase-Aktivitat, erhatten nach dem Verf ahren yon Anspruch 24;<xJer; 25 : 
4£) : : ; :; Mod if i kation davon : jrilt DN A7Polymerase-Akti vitat nach e iriern der Anspruche 2 b is '^Q in einem Puff e^^ 
■ ; ein oder-mehrere riichtr 

':i::;::::v;;3^ 

^^^^^^^i M^^^^ yorhahderijsind??:: 

; :; ;: :; :ii: 3^^^^ 

■ ■;:-^'-;--:und:eiri:;ethoxylierte^ '/■ . . ■ ■ 

;;|0::::;;;:;::::^;^^^^^ 

V, :■ > ;uhd:'Gelatiria:'Mnafaf3t^ ; :■-.-■ ■ ..-:■; \ ! ■ ■[[■■;'■ : f : '■' ,0 ■ , ■ ■ v- 'I ' . .-■ j; ; • -i /■ ': '■ ■ ^ ■ : I. ; ■ ' 

; : 

■::.;:;:;:^;:;:^^ 

::^^::: :::::,i:i; :^:^i:2^^^^ 

IV'-Vv::;;;;';:.}^^^ eihefi'stabi!en;^En 
■'' : ■::SprQche-:30;;bis.;3^ • '1 . 
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.35. Verfahreh zur Amplifikatibn ivon NucliBinsaur^^^ 
zyms mit DNA-Polymerase-Aklivitat nach ei^ 
zyms mit DN A-Polymerase-Aktivitat,:erhalten nac^^ 

thermostabilen Enzyms oder einer Modifil^tipn^^d einerri der Anspruche: 

s 26 bis 29 Oder einer stabilen Enzym-Zusammensetzung naeh ei 

Patentahspruche f ur folgenide^V^ 

10 1. Verfahren zur Herstellung eines thermost^^^ 

Nucleosidtriphosphaten zur Bildung eines zu einem- Nudeinsaure-Matrizenstrang komplem 

strangs katalysierty das ein Mple^^^ 

in SDS-^PAGE. wenn die Markerproteine Rhosphor^^^ 

000). Garboanhydrase::(31 000); Sojabohnen^^^^ 400) slnd^ wobei; das 

T5 Verfahren die Zuchtung eines Stamms eine 

(xier einer die das Enzym codierende DNA-Sequenz e^ 
der Kultur. 

2, Verfahren nach Anspruch 1 , wobei das thermostabile Enzym nicht irreversibel denatunert wird, wenn es fur den 
20 zur :Erzielung einer Dehaturierung von doppelstrangigen Nucleinsauren benotigten Zeitraunn erhohten Tempera- 

. . turen ausgesetzt wird. 

3, Verfahren nach Anspruch 1 oder 2, wobei dais thermostabile Enzym eine DNA-Polymerase ist, 
mendes Enzym ist. 

5. Verfahren nach Anspruch 4, wobei das thermostabile Enzym ein aus Thermus aquaticus YT1 (ATCC 25,104) 
stammendes Enzym ist. 

30 

6. Verfahren nach einem der Anspruche 1 bis 5; 

stens 50% der Aktivitat besitzt, die es bei einem pH-Wert von 8,0 hat. 

7;: Verfahren nach einem der A^ Thermus aquaticus durch ein ; 

35 Verfahren erhaiten wird, umfassend die folgenden Schritte: 

(a) Gewinnung der Zellen aus einem Medium und Lyse der Zellen; 

: (b) Gewinnung^^^ 
40. tigung; 

(c) ChrorTiatographierendergewonnenenFrakliohenmit einer DEAE<ieilulose-Sau(eu 
tein enthaltenden Fraktionen; 

■^45y-\:y^ : (d) Auftrageh der gewonneneh^^^ 

tionen, die fslucleinsaurG;^Pofyrherase-Alrtivrt^^ 

: (e> Chromatographieren der yereinigten FraW^^ DEAE-Gellulose-Saule, die mit einem 

' zweiten Puffer aqutlibriert worden ist, und Vei-einigung der Nucleinsaure-Polymerase-Fraklionen,- die niinimale . 
so : Nuclease-Verunreinigungen aufweisen; und 

(f) Chromatographieren dervereihigten Fra einer Phosphocellulose-Sauje, Durchifuhrung einer Elu- 

: ; tipn mlt eineni KGI- 

gen sowie auf Poiyrrierase^^ und yereinigungder Fraktionen mit P^^ 



iss 



:8;:::;:Ver1ahireji 
aquatic 
■ das Verfahren die folgehd 
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.(a) Ernte der Zelleh aus einem Medium 

(b) Prazipitatipn der Nucleinsaure-Polymerase-Aktivrt^^ Suspendieren der prazi- 

pitierten Nucleins^ure-Polymerase-Alctivitat 



(c) Gewinnurig der Pfoteinfraktion durch Ammoniumsulfat-Prazipitation; 

(d) Ghromatographieren der gewonnenen Proteinfraktion mit einer Phosphoceltulose-Saule, Durchfuhrung 
eiher Elution.rnit einem KCI-Gradient^ 

^0 tionen; 

(e) Auftrageh derveireirii^teh Fraktionen auf eine Heparin-Sepharose-CL-6B-Saule/.Durchfuhrung einer Elu- 
tion mit einem- KGI-Gradiehten sowie Ve rein igung der Fraktid^ 

minimaler Endonuclease-Aktivitat'^^; 

fS ' ■■ ■ /■.■'':-//f:-k'[-:^ ^ ' ^ - : ' ' ■ , i ^ ■ '' ■ ■ ^ /: Z' V ^ ■'- 

>\ ^ . ^E ;;: : 

;2p : ■ ;■ : > (g) ;Giirornatographie^^ 

Nucleinsaure7polymerase^e^^ 

; lion 

-25 .: nachweisbare Nucleasen. 



30 . : . ■ iDNA-SequenZi das ein enzy 



(a)!ldentifizieruirigeiner:DNATSequenz>S^ 
eirier;Expressions-i3e^^ 

(bjiKonistruktioniiei^^ 

: (c)::$creening derg^ k nnit der radioeiktiv mairkierten Sbride,: diie durch Schritt (a) gewonneh 

■ ■Wurde'iUnd - ^o^^^^ ■ ^^■■■'^■y 

; (dyjsoliafung ybn^^ 



-45::;. ,:;::;Iemjperaturen::ausg^ ■ 

: : d^ , ' 
;:: : riach Ans^ 

'k: :.;^^ yon pFG83 (AJG.C :. 

. ; (cy das Hindlil Iriseirtion von pFC85i:(AfGC 67^421 ); ■ 
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; (e):dasBaQTHI^W!e^ 

■13.: Verfahren riach:einem der Anspruc^ 

5 14: Verfahren nach Anspruch 13. wobei die Thermus aquaticus-DNATSequenz in einem nach (partieller) Spalturig 
qewbnnenen. etwa 3.5 kb groQen Bglll-Asp718 -Restriktionsfragment des Genoms yon Thermus aquaticus oder 
der DN A des Bakteriophagen CH35:Taq#4-2 (ATCG 40,336) entharten ist. 

: 15. Verfahren nach Anspruch 13, wobei die Thermus aquaticus-DNA-Sequenz in einem etwa 2i8 kb groOen HindlM - 
: Asp7i 8 -Restriktionsfragrhent des Genoms von Thermus aquaticus oder des Ptasm ids pFG85 (ATGC 67.421.) ent- 
halten ist. 

: / - .16:: Verfjahren nach einem der Anspruche 1 2 bis 1 5, wobei die DNA^eqiienz zusatelich ein ATG-Startcodon aufweist. 

: ^5 ::\: 17: Verfahren nach eiriem der Anspruche 12 bis 16, wobei die DNA-Sequenz ein::Fusionsproteih :ccKjiertv:,d^^ : 

^ ■:.../■■■>,: ::::;w^^^^^^^^^^ 

V ■;:: : : 8: Ij; Verf ahreh ziir Merstialluhg eihes rekbhibinanteh .Vektors, umfassend die Inseilbn .der- DNA-Sequehz bder'des . :■'. : 

' : : ;;10;^\^ Anspruch .18,.: wobei Vder rekombinahte:^ Vektor .GH35:Taq#4-2J:{^ (ATGC ; 

67,422), pFC85 (ATGC 67,421): ist, bder ein V 
i ; . g''0^5^^ Bglll/Hindl I l -Fragmeht von pFGB3 und de^rn etwa 2,8 kbp groQen Hindi I I/Asp7 1 8 -f^riagment von :pFC85. : ■ 

.'^ :: 

■•'/'■<'■:' V' hVfunktion^ii' verb urideri^sind 

' 21 ;;:;Rehi)iTibihainte einen Vektor nach ; einem der Ansjprucfie 8 bjs 20^; ^ .;: ::,: 

■■■■[■:■■■ ^'30 ;;22,:;Rekombi^^ 

: ■::f.;p. • V : . 23; : Verfahren zur Ners 

; ments dder einer:Modifikatibn davon mil pfsiA-Pdlyrnerase-Aktivitat, :das:;(d die Verkrippfung yon fsluclepsicftrl- 
;■.: : ::; :^ : : : zu eiiiern NucleinsaureTMatrizeristrang kornplerri 

:V^..^.:^.:. >^ ! :taly£iiert,;::w6bei:das \^ 

: ;24y' Verfah^ 23, wobei das Enzym pder die Mpdifikation davpn ein ;Mpleku large wicht von 86 000 bis ; 

: : : 7 :;:;?0:;CW^ gemaB dei^n vitanderuhg iin SDS^F^^OE;; 

WyC^-^^i^ F^riderserumalbumin.:(6fe:200),^C^ (31 ; 006).; Spjjabohn en-Try pariih 

; ;^ V ,:V ■ :-:h 

;;:: - ::; : ; jiizS; i^Verf ahir^^ oder 24, vvbbei das rekornbinante En2?ymi das::Fragmerito^ 

i:, ■ . .:■ 

;,^^;::;.: y^ wobei das rekpmbinante Enzym,::da 

' ■^y'yy.yf,^:^^- peistrarigigen Nucleihsiure^ erhohteri 1emperaturen:ausgi9se ; 

j:| ::;: >^^^^ : ;x:V.-;katm 6,4 mindestens:;5d%'der AN^ivrt^^ :J ; !:: 

V'i'X-f-r '^'./.'yiiy 8j0 aufweisen:' " '": ■■' ■ [. . [ ^'y - •■. ; ■■; : ;: 1 ''' ■ ' ■ '-'.:'■"■ ■■::^V- (;'<:v{v.V'-:' ■ '■■ .l^/l'ifp:' V V.v 

:V:::mbstabite Enzyms.mit DNA-PolymeraserAktivitat hergestelit nach^^ odef eirtes'r^^^^^^^ 

: ! '/Vitati -eitiali^^ i djBriAhsprdc^ iPuffer; urrifa^^ . . , 

^ jr .-. 7;^^ p6lymere(s) Detergeriz/Detergehzien. 
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■ 29. Vertahrennach Anspruch:28,;;WObe^ 

(\toiyybl.):der Gosamtzusammensetzung vorhand 

30. Verfahren nach Anspruch 28 oder29^wobei die Detergenz^ 

5 ethoxyliertes Nonylphenol sind. ^ 

31. Verfahren nach einem der AnsprOche 28:bis 30, ^ 

tetraessigsaure, Dithiothreit, ein potyoxyethyliertes Sorbitanmonolaurat, ein ethoxyliertes Nonylphenol und Gela- 
tine umfa3t. 
.10 , . .' 

32/ Thermostabiles Enzym mit DNA-Polynaerase-Aktivitat. da 

dung eines zueinem Nucleinsaure-Matrizenstrang komplementaren Nucleinsa^^ 
lekulargewieht von 86 000 bis.90 000 besitzVbestimmt;g^ 
erproteine ; Phosphoiy lase : B ;(92^^ 
■<-'y'. 'is-.. ■ 000), Sojabdhnen-Trypsininhibitor (21 500) und L^^ 

. .33. :i;hermps 

■ leiner Denaturierung yon dopp^^^^ 

■ /i.wird/'. \^" ■ ■/ ■ '' ' • ' "■ [ ■■■■■ .. .'\ / ' : 

34. Thermc^tabiles Enzym nac^^^ 
; ; 35.:;:Therrf)6stabil^ nach ieinem^der Anspr.Oche 32 bis, 34, das ein von Thermus aquati.cus:starnmendes.|Ehzym 

v:; das\jeih aus Thermus aquaticus YTI (ATCC 25,104} starTimehde<En- ^: ;> 

:^■■''■:^p'■ ■ ■ :':f ^::6er^^ 8,0 hat. 

,. 3^^ 37, erhaltlich nach einem.:\ferfahren:gemaft einerri:^d0r::^^^^^^^ 

>x';-:-': \:.' :: ■ . ■■^ -ArisprOche 1, 7 -Oder 8.,; ■ 

i^y:/.:^^.,>:::'y:.^ : 39. DNA-Sequenz, die ein thermostabiles Enzyrn m 
■ V cleosidtripho^phaten 
: v;S^rangs !fia6 

aktives, verkurztes thermbstabiles Enzym rnirpNA-Pblyrnerase-AiaiVitat cif^ 
iuj: '^^^^ v4b. :' PN^^ i39; wpbel das Enzyn^ 

dopjpeistranigiig^n : Nudleipsaur^ 
erhqhten Temperatu ren ausgesetzt werden . . . ' [ k 

41 . DNA-Sequenz nach Anspruch 39 Oder 40, erhaltlich aus eihem thermophileh Bakterium durch ein Verfahrea-urh^- :V ; . 
' ^5. ■ fasisehddiefolgendenSchritte: 

(a 

:.: : eineriExpressb^ 

• f^B^';'^:^.: ' ''-^^ ■■vt^ Gehbank derZiel-DNA;. ■ .: 

-i;^^^ ' ;' ;(I:(<J) Isolieru^ 

^ :P6IymeiBse-Aktivitat::Cc^ . "' <;v;y -.^-i.^"^ 
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42^ DNA^^Sequenz nac^ Anspru^ 

die A/erwenduhg eines Ahteiisder gehoiriischen DNAvpn Them 
derTaq-Polymerase(X)diert/alsS^ 

s 43. DNA^Sequenz nach Anspruch 42, wobei die Sonde a^^ 

(a) das ==115 bp EcGR[-adaptierte Alul-Thermus aquaticus DNA-Fragment von pFC85:(ATGG 67,421); 

(b) das =?750 bp BgHt-Hindlll -ThefTTius aquaticus-DNA-Frag 

(c) das HiTTdyi^ ; 

(d) das ==2.8 kb HindMi-;^^ 

75 (e) das BamHI-Nhel -Thermus aquaticus-DNA-Fraginent der Insertion von pFC85 (ATCC 67,421 ). 

44. ; DNA-Sequenz nach einem der Anspruclie 39 bis 43/die von Thier^^^ 

45. Thermusaquaticus-DNA-SiBquenz nach Ahspruc^ 

20 kb qroBen BglllrAsp718 -Restfiktionsffagment des Genoms von Thermus aquaticus oder der DNA des Balctefio- 

; phagen CH35;Taq#4-2 (/VTGC 40,336) enthal^^^ 

. 46. Thernr^us aquaticus-DNA-Sequenz nach Ansprucli 44, die in einem etwa 2,8 kb gro8en Hindill-Asp718 -Restfikti-. : ; 
phsf ragment des Genoms von Thenmus aquaticus oder des Plasmids pFG85 (ATCC 67,421 ) entlialten ist. 

; 25 V . ' , y ■ ■ ■ ■ ... : .:■ : ■ 

47. DN A-Sequenz nach einem der Anspruche 43 bis 46. die zusatzlich ein ATG-Startcodon besitzt. 

: 48. DNA-Sequenz nach einem der Anspruclie 43 bis 47, die ein Fusionsprotein codiert, das das thermostaibile.Enzym 
enthalt. 

30 ' 

49. Rekombinanter Vektor, umfassend die DNA-Sequenz cder das Fragment nach einern der Anspruche 39 b^ 

50. Rekombinanter Vektor nach Anspruch 49, der CH35:Taq#4-2 (ATCC 40,336), pFC83: 

(ATCC 67.421) ist, oder ein Vektor, dessen Insertion zusammengesetzt ist aus dem etwa 750 bp groBen BgUl/ 
. 35 Hindlll -Fragment von pFC83 und dem etwa 2,8 kbp gro3en Hindlll/Asp718 -F ragment von pFC85. 

51. Rekombinanter Vektor nach Anspruch 49, wobel die DNA-Sequenz Oder 
konlrollsequenz funktiohell verbunden sind. 

^0 ; 52. Rekombinantes thermostabiles Enzym mit DNA-Polymerase-Aktivitat od 

Verknupfung von Nuctebsidtriphbsphaten zur Bildung eineis zu einem Nucl^^^ 

taren Nucleinsaurestrangs katalysiert, wobei das Enzym oder die Modifikation davpn ein Molekulargewicht yon : 
: ' 86 000 bis 90 OOO besitzen, bestirnmt gemaO deren V^nderung in SDS^^ 
phorylase B (92 500), Rinderserumalburfiin (66200), Ch^a 
45 Trypsininhibitor (21 500) und Lysozym.(14 400) sind. 



■ 53. - Rekombinantes Enzym Oder eine Mcdifika^^ 
, : DesbxyribonucIeaserAktivitat ist 

so : 54;^ ! Rekombinantes ; Enzym oder eine Modif i kation davon nach' Anspruch 52 oder 53, das (die) nicht : irreversibel de- \ 

: Zei 

• ; :55. Ri3konnibinantes Enzym ader eine Mcdifikation davbn; der Ansprdche 52 bis 54.r(^^ (die) .bel einem 

55 ; . \^;^^^:|^ die es bei etnem pH-Wert yph'Si^ 

56;;^^S^^ 

■ nem der Anspruche; 32 bis 38, ein rekpriritilnantes tlienrri ein Fragmentiida^^ 
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lymerase^Aktivitat, erhalten nach de^ Oder ein rekombinantes 

:;Enzym odereine Modifikatibn davonm 

Puffer,: umfassend ein cder mehrere nicht-ionische(s) polymere(s) Detergenz/Detergenzien. 

57. Zusa;mmenset2ung nach Anspruch 56, wobei die Detergenzien jewejis :in; einer Kohzentration von etwa 0, 1% bis 
etwa 0.5% (Vol.A/blO der Gesamtzusamnnensetzung vorhandeh.si 

58. Zusammensetzung nach Anspruch 56 oder.57, wbbeidle Detergenzien ein po|ybxyethy lie rtes Sorbitanmonolaurat 
und ein ethoxyliertes Nonylphenol sind. 

59. Zusamnnensetzung nach einem der AnsprOche 56 bis 58, wobei der Puffer Glycerin, TriSTei, piH-W 8.0, Ethy- 
lendiamintetraessigsaure, Dithiothreit. ein pblyoxyethyltertes Soirbitanhibnolauratv ein et^ 

und Gelatine iumfaBt. 

[IS:: : 60: Verwendung eines thermoslabilen. EnzypTis mit DNA-Polymerase-Aktivitat haipli; e AnsprOche: 32 bis 38i 

xieinesthern^ 
xispruche t 

, Enzymspderein 

^ ::setzuncj;: hergestelll ;^ : 

y; !61v;: yerfah^^^^ 

zymsmit pNlA-P 
;:^f . ; : Polymerase- Aktivitat, erhalten nach de^ 

: ; rnostabilen; EpzyiTis;:<xier: eine^ davonimit iDN 

: -nach eihem;der:ArisprOche;;23^ 

; :;haeh; einem der Anspr^ 
30 der AnsprOche 28 bis i31 . . 

Revendications 



. 35 
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Revendications pour les Etats contrac^^ 



1 Enzyme thernriostable. ayant une activit^ ADN potym^ras^^ 

tes pour;::la tprmatib qui a tiiie 

. .'i rnasse fnol!^^ 

: les prbtiSines niarqUeurs sont la phosphoi^lase B;;i(9?5b0),; je .s6r^ boyihe (66200), i'dyalbOrriine;. 
.(45000), I'anhydrase c (14466)i ■ 

■ : : :2, : Enzyme thermostable 
^ . des temperatures 6 le^ 



3. Enzyme thermostat pblym6rase: 



Enzyme thermostable selop runeq 



x; revendicatioh:4;, qui estj^ 

:^-;6. :;-::::En?yi^^ 

qu'blie a k pH 8.0. 
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7. Enzyme thermostable selon Tune queilconque des revendicatipns 1 6^qui peut etre pbtehue kpatXir de Thermus 
aqiyaf/cus. par un proc^de comprenaht les 

(a) recuperation des cellules^ partir d'un rnilieu et lyse^^^^ 
5 (b) collecte de la fraction pr6t6ique par precipitation au sulfate d'ammonium entre 45 et 75% de saturatbn de 

sulfate d'ammonium; 

(c) soumission des fractions recueijlies ^ une chromatographie au moyen d'une colonne de DEAE-cellulose 
et col lecte de fractions cdntenant des proteines; 

(d) injection des fractions recueillies dans une.colpnrie d'hydroxyapiatite et reunion des fractions eludes con- 
10 tenant I'activite acide nucieique polymerase; 

(e) soumission des fractions r6unles^^ una chromatographie au moyen d'une seconde CO 

cellulose equilibrde avec un second tampon, et reunion des fractions d'acide nucieiquepolymerase ayant une 
contamination minimal; parades nucleases;,,e^ 
■ (f); soumission des fractbn^^ 

■ 75 ; eiutiori avec un gradient de Kdl. etessardesfra?^^ 

: ; ;aqt/ac/c^ d'une culture bkcterlenrie:;^^ 

■ ■ ■ • • V : 'ced^^ cpmprenajit-^ les/^tapes s uivahteis -c ,-: 

V(a^^^^^ 

■:;25 ; ■ (cj coifecte de la::f : p^r- prepip^ ; 

; V: ^^\^^: : ; 

'■ T ' •'■ •- : . po'y fn^rase;- ■ ; ■ ' .:■ i< . ' . , V: ;"■ ; : : :. [ y-.; , ■ ';. } ■ : . .-}. ■ ; '. ; , . : . 

■ 3^ : ; ■: .V v de K r6uhion des fractions ayant plus f^^ 

: : (f) injection des fractions reunies dans une colohhe^d'hydroxyapa^ fractions eludes ayant ; 

; une activite acide nucieique pdynnerase iet^^s^ ou des ; 

V-V--- :ex6nucieases^double-.brin;.'- ■ 

: . : (g) soumission des: fractions :feunies:;^: une. chrorin^ 
35 : / ;:r 
i: 0 

; : : effectuaiit reiutipn avec un grad^^ 
■ v ■ ..rase, sanis nucieasies detected 



40 9.;^ :S 

blnaison de nucleoside triphosphates^ 
: d'ADN ^ 

^^^^^ 

, It;;, sequence d'ApN:^ 

::^?.V:iX''-' :V:proc^deip^ . ■', 



: :-(b);c:pristruc^ 

y:k;:(c);;icrililag 

: ; (d) lispierfient d ': : 

bu fragment de;ladife;iseque 
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aiyant une actiylte ADN polymerase. 

12. Sequence d'ADN selon la reyendicatioh 9 ou 10 qui peut ^tre obtenue k partir d'une bact6rie ttiermpphile par^^^ 

■ prcK:6d6comprehariti'utiiisatibri entantque^^^^ g^npmiquede T/jermasaquaf/cuscpdant 

5 pour aumoins six acides amines d^^^ 

13. Sequence d'ADN selon la revendicatidn 12, dans laquelle ladite sonde est choisie parmi les sondes suivantes : 

(a) le fragment d'ADN de Wermus aquaticus de - 1 15 bp EcoRI -adapts Alul de pFC85 ( ATCC: fe421| : 
10 (b) le fragmentid'ADN de Tftermus aquaf/c^ de - 750 bp BqlH -Hindi II de pFG83 (ATGC 67.422) ; 

(c^ le t raqment d^ADN de Trtarmas aquaf/ctis HindlllrBamHI de I'insert de pFG85 (ATGe 67.421 ) ; 

(d) le. fragment d'ADN de TTieffnivs aguatos de - 2;8 kb Hind^^ de:pFGB5 (ArGC 67,421) ; et 

(e) le fragment d'ADN da 

15 14. Sequence d'ADN selon rune quelbonque desi revendic^^ i S. qui est obtenue^ partir de/TTier/nifs aqt/af/ct/S: ; 

; / 15. ::S6querice d'ADN^d 

V du bactdripphage^^ 40,336)' ' ■ 

tl6;^S6quence;d'ADN 

• ::r 

■"■■:;\;';;:;:JpiFG^ 

■:2f::: revendicatidns 13^^ 16, qm 

'[ deid^ipart/ATGS^^^^^^^ . "'■:/.< \'S:;':vv'^' . ': '■' ■ ;; ' ■' " • ■. /■ " ■" " " 

; 18: :Si6qu^^ 

v. teriafiitiladite-^ 

; 1 9; ; vecteu r reGombinant ; comprenairife 

; .;: ?^:i8.:<;'.^ • h:;:^ -;-: -- ^ T ' ' ' ■ • - . , ■ . . .. ... < ' ■ ■ ■: 

. ib. A/eP^ qui: est GH35;laq#4-2 (ATGG ;40i336); pFG83 (ATGG 67^422). 

35 .... : ;■ pFC85;(ATGC;67^ fragment tfenyirofi 750 bp BglltAH^ 

:.. pFC8i3^t:d'un:fragmeritid'en\/^ 

l/i-v:: : ; 22.;:^ I'urie quelcphque des revendicatiori.s^^ . 

22fe .:Ceiluje h quhest'E: coli 

45,: .:C:24:>^^ 

:;' if :: :::i ;!;;:;i^^^ 

: :V>v*;^ briri matrice d'acide nucldique 

: .:: ; : ;ijT|6m6diabla^ 

v::;:';:V:;4'J-^ . 

*:i;ifp/:? 
v^fv.;:;,.:. 

: ::;?• nuclSi^ d'acjde.nucl^iqub, ladite enzyme ou:nnbdification ide ceilenciiayarit 

:i' :une;rTiass(9 m6|6GU|^ 
J;:.; proi^ines.miarque^ 
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Tahhydrase carbonique (3i0G0)/ rinhibit^^^ 

27. Enzym^ irecombinante pu mc^ reyendication 26, etant libre de contamination d'activite 

d6s6xyribonucl6ase thernidstable. 

5 . ■ ■ " ■ ■ ■■ . 

■ 28. Enzyme recornbihante ou modification de celle-ci selon la revendication 26 ou 27:qui n'est pas d6natur6;e de fa^on 
irremediable quand elle est soumise^^ das Temperatures eievees pendant la temps n6cessaire poUr effectuer la 
denaturation des acides hucieiques double-brin: 

10 29. Enzyme recombinante ou modification de celle-ci selon Tune quelcbnque des revendication s 26 ^ 28 ayaht, ^ pH 
6A au moins 50 % de Tactivite qu'elle a ^ pH 8,0. 

30. Composition d'enzymes; stable comprenant une enzyme thermostable ayant uhe activity ADN polymerase selon 
rune quelcorique des revendidations 1 ^ 8, une enzyme the rmostaiple recombinante ou fragmentde celle-ci a^^^ 
.75 : une activite ADN polymerase-bbtenue par le proc6de selon la revendicatibn 24 ou 25, ou une enzyme recombinante ; 
. qu mpdificati6n.de ce I le-ei ayant une activity 
: dans :un tampon comprenantiun^^p 

. oxy.j^thy le et ; uh ph.enpl ri6riyl::6thoxy 16. 

■:25 33>:::iG ^ 32i::daris:;laqU)e^nj3::|et tamj^ 

■ y S 

: ; i ;a^^ 
^v^^ > S^^ 

35 : 35.: precede; pour I'^ 
^: :; . ! ayaiit: uneactivite 

;> : la reVendicatioh 24;GU:25; ;d'uh^ 

iehzyme: therm ;pu modification de .celie^rci ayant: urie activite ADN: polymerase s 
: ; quelQpnqueid^ ou d'uhe comppsitioh d'enzyniesistable selon I'une quelcbnque des; re-.; 

■y40:,:r\': ::-;-;:vendicatidns:36'^^i^^^^^ 



: Revehdicatioris;p6ur les Eta^ 



; 45^:^^ : : 1^ : ;;Prpced6 pour la prepa 

; :;;v;^^^^^:^ ; ; 1^ 

■;;;:;;;■ quO; determinfe oni f ^ 

;;:v;:;:;-;;::^^^^^^^^^^^^ 

;;^ ;;■■:■ :,:;;:f;:et;!fe:^^ 



;;;2;;W;::(^«>^ 
:;;:w;i;i;;;elle::e^^ 

::|:;;nuci^iciue^ ' , ^^-v.-' 

;;3i;;|:;iilpr<x<^^ 



55 



EP 0 258 017 B1 



4. Prbc^de seion I'une quelconque des revehdications t dans lequel Tenzyme thermostable est urie enzyme 
6erwee de Tl^rmus aquaticus. 

5. Proc6d6 selon la revendtGation 4, dans leqiiiei renzyme thermostable est una enzyme derivee de Thermus aqua- 
■s;- f/cusYT1:(ATCC25,104). 

6. Procede selon I'une quelconque des revendications 1 a 5. dans lequel Tonzyme thermostable a, k pH 6^4, au 
moins 50 % de Tactivitd qu'eile a a pH 8,0. 

10 7. ;Proc6de selon rune. quelconque des revendications 1 ^ 6, dans lequel I'enzyme thermostable est obtenue^ parti r 
de r/iermus aquaf/cus, et iedit proc6d6 comprenant les ^6^^ 

(a) recuperation des cellules^ partiri^^^ 
. (b) cdlecte de la.fraction prbt^ique p^^^ 
riSy . . de isulfate d'ammonium; . 

I- ; ,; ; chrornatographie au moyen d'une colonne :d^ 

et col iecte de fractipris nontenant des prot6iri^^^ 
. : (d) injection des fractions recuei II ie^ 

; teniant I'actiyite acide riucl6ique -polymerase; , : .: : : ■■■ 
; 2Q ; : C > ; (e)Vsoumissi6n: des fraction s^ ir^ 

■ : c 

■ : ; : i : : - i^^^^^ 

:^5:':i^^ desifracti6ns::ayantide ractivitejpd 

^- :: 8^^^ 

• i . ■recombinante. et ledit procede compreriantles stapes suivanteisp^ : 

: (a)Tecqlte des; cellules^ parti r:d'uh>m^ : . . 

acide nucl6ique polymerase pr^cipit^e, en presence d'un dStergeritnon i 
(c) col lecte de la fraction ;prot6ique pa : 
35 : (d) soumission de la frsuition prot6ique r6cup 
■■■ phbcellulose et iSlutidnJavec un^ 
\.; /. - / ■poIymSrase; ; , , : , ■ , ' • ■ ■ ' ■: ■ 

; (e) injection ;des fr^ 
{\^-^r:--.:/>-y-:--' --^ de KCI,^t reunion; des fractions ayariti la; plus: forte act 
: . ; : (f} injection des fractibriis r6uhie;s;d^ 

-vractiyit6 acide nucj6iqueppiv^4^ des-endonucj^ases;^ 
,.- ^ ^ : :'. ;-;nucl6ases:-dquble:br|n; '[ '■•■•■Q 'y^^'-^-y yy-''-' \ : ^''■'■■J:^f :'y'h '^^-iy^^^ff^; 

, : ::(g) soumissiori des fractions reun 

et reunion des fractions con tenaht de I'acide hucl6lque poIymi§rase; et 
45: : : (h) soumission des fra[etipns.reunie&^^^^ 

; effectuant l*6iutipn avec:Uri:gradien^ 
rase, sans nucldasesJdetectable^ 

; ■ ^^^^^ 

:;i'aiDtivit6:ApN.p^^ 

■;55::- ^ : : ; • ; (a) :ident^^ 

. ^d'u n e: banq ue; d!expression^ c^ 

la polymerase thermostable Taq; ....... 

. :;(b) construction ■d'uhe banquej^^ 



56 



10 



15, 



EP 0 258 017 B1 

(c) ciftblag^ I'aide de la.spnde radipmarqu^e obtenue par I'^tape (a); eK / 

(dj isolement de phages c^^ 

10, Prpceci^ selpn la revendjcation 9, dans lequel ladite enzyme ou ledit fragment de cel!e<;i n'est pas denaitur6(e): 
de fa^on irrdrnediable quand ir{elle) est soumis(e) k des temperatures elevees pendant le temps n6cessai re pour 
effectuer la d6natu ration des acides nucl§iques double brin. 

11, Proc6d6 selon la revendication 10, dans lequei on utilise en tant que sonde une partie de I'ADN g^nbmique de 
7?7ermus aqua//cus codant pour au moins six acides amines de la polymerase ^^^^ 

12, Proc6d6; salon la revendication 11, dans lequel ladite sonde est choisie parrrii les sondes suiyantes: 

(a) le:fragnr}ent d'ADN .de TTjemii/s aq^^ de - 115 bp feoRl-adaptev4/ul de pFCSSi -r , 

(b) le fragment d'ADN de Thermus aquaticus<ie -^^50 bp 



(d) le fragment &ADN 6e Thermus aquaf/cus de -- 2; 8: kb Hindi II -Asp7 18 de pFe85: (ATGC ^7.421 ); et 



: r::13, ;P^^ des revendications; 9 ii 12. daris^^^I^^ 

1;4^:;.Pr<x6dese!on;l^ 

d'un fragment de restriction d'appro^ 
tos^ soit de TADN d 



15. ::Proc^de selpn la revendication 13^^ 

: d'un fragment de restriction d'approximativement 2,8; to lHindlllr^^ 
soit du.plasmide;pFC85 (ATCC 67,421).. 



y : 1 6. Procdde seion rune quelconque des reveridications :1 2^^ 15, dans lequel la isequehce;cl'ADN;cpntient en "outre^^ 
. ■codoh:^de depart: ATG.:' ■; 

: : '■ 1 7. Prbc^de selori I'une quelconque d^s: revendications 1 2!^ 1 6, dans jequel la sequence d?ADNlcode pour une pror 
:teine de fusion contenant ladite enzyme thermostable; 

■X. ■■ ;1 8.- :Proc6d6 pour la pr6piaration d'un vecteur reconribinarit, cbmpr^ 

:ment selon I'une quelconque des revendications 9 ^ 17;dans uh:vecteurapproprii6;V . - 

;;: : .19: Procede selon la revendication 18; dans lequel le vecteur r 
:'4o (ATCC 67,422), pFC85 (ATCC 67,421 ), pu un yecteuridont Tinsert est compdse du f ragririent d'environ 750 bp 

y . ■Bglll/Hiridlll de pFe83 et du fragment.d'eriviron.2.8 kb^ 

'i:(e) une sequence r6guIatrice:d'expression: 

. : ;;:,22:;^ recombinante seipn la revendication 21, qui est^E^^^ 

.ifragrnent pu d'uneiTO 



■24; ;Prpc6c^6 selpn 
■ de;B6:Ppd.4:?b 

■ : . -sorit lajphpsphorylase B (92 5(X)). : la s6rurri-albumine ^bovine; (66: 206)^^^^^ '(45 1)00), l'arihydrase ;cairi^^^ 

: ' : ' :nique::(31 :pOO);:rinhibiteur:de trypsin^^^ le tysozyirie^iCI^^;^ SxVL ■ . 
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25. Prpcede'Seipn la irevendication 23 bu 24/dans:lequel ladite enzyme recpmb^^^ 
fication de cellen:! sont exempts d'activite desoxyrto^ 

26. Precede sielbn !■ une quelepnque des revehdicatioris 23 4 25, dans lequel 'ladite enzyme recombinante, ledit frag- 
5 meht ou ladite modifieation de celle-ci ne sont pas d<Snatur6s de fagon ;irr6m6diable torsqu'tls sonl soumis aux 

temperatures^ levies pendant te temps n^cessaire pour effectuer la d^naturation des acides nucl6iques double 
brin. 

27. Prbc6de selon Tunequelconque des revendications 23 ci 26, dans lequel ladite enzyme recombinante, ledit frag- 
10 ment ou ladite modification de celieKJi ont. ^ pH 6,4 au rrioi 

28. ■ Precede pour la preparation d'une composition d'enzyme stable cornprenant la combinaisoh d'une enzyme ther- 
mostable ayant de raetivite ADN polymerase, produite selon rune.quelconque des revendications 1 a 8, 6u d'uhe 
enzyme-thermdstabterecombihante.d'un fragment 

|5 m^rase, obtenu(e) par le;proc6d6 selon Tune qiielconque des reveridications 23^ 27, avecun tampon comprenarit ; 

un ou plusieurs detergents polym 

: : 29i- P:roc6d^Q^^a j^evjaricjication 28, dans lequel les detergents; spritVp^^^^ d'envirbn: . 

. p,1-%aenyir^ 

30: Precede selon; la fey end 
. : sorbitanne etun nonylphenpl oxyethyle. 

; : 3 

: . ,;i;bitanne, ■ uri^ nohy Ijahenol oxy ethyie et de la : ge lati ne; : : 
32/:>Enzyme thermostable ayantu pplymerase. qui; catalyse 

. ;>tOS;]^ 

30 :.;. : : ' m^ 

^-^^^^^^^^:;:.:;::p^^ 

000), I'anhydrase carbonique (31 000), I'inh 

33. Erizyrne thermbstable selon la revendicatrGn;32,"q 

-35., aux temperatures eievee^ pendant le temps riecessatriBipour eitec^^^ 

.-.■V. ■■■ ;,:brin^-:. ■ ' . ■■■■ ..' .'■ ■ -y'--'^' -^^^ -; ■:;"- ". "-■:,■■■>■■- "■■: ■■^ ■ ■ 

34. .Enzyrne thenmbstable selon la revendication fe^ .:, 

40 , 35 uneenzymederiyeed 

: : ;; : : : : ; :;3^ 

" ■ • ■■" ;'25,l64):'. . ' ];'; . . .: , " -y- '. : \ ■ . .■W^;.^ •■'•;: . ■ ■ . ' ' ■ . \ ' . : 

■■■■■K< ". 37:;:En^rThe::thermbs^ 
: ■Tacilvite;:qLrelle;a 

;..;-■; 

■50.. ^^.^■^'■::v;da^^ • [ 

■ :;:?::!^^ 

: :.. • t^inaisori : de : n uciebside triphosphates pou r former ■ un brin d'acide • nijcieique .cpniip lemeritaire ^' uri : brih matrice!:; 
,: ;; ;|. d'acide n ucieique ■ selon ; I Vne ■ qu ^ des ^rieVehdicatibhs 32 X:38^ ; bu f rai^rn erit ; de^ ; ladite is^quen^^^ d' ADN 

^ ^ : .P9^ ^ i^"® enzymei therrpbstabie^tronqu e^ enzymatiqu^ment ; ac^ ayaint 'iie- i'actlvlte ; AD Nl; pipl>^ : ; 

;. . cJenature(e) de fagon^lrremediable quand ii (el!i9);;est::Soumis(e);a 
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Miessaire pour 

41. Sequenced'ADN selon ta revendieatioh 39:OU 40, qui peut etre obtenue a parti r d'une bacterie thermophilei par 
; un proc6da conripreriant les 6tapes suivantes^^^ 
5 ■■ ■. .■ - ' ' . . 

(a) identificatiori d'une sonde de is:6qu^r)CG tf 

d'une banque d'expression, a raide d'anticorps dingus cohtre l^^ 

(b) construction d'une banque genonnique de rADN cible; ^ 

(c) criblage de la banque genornique ^ I'aide de la sonde radionriarquee obtenue par I'etape (a : 
70 (d) isolennent de phages contenant de rADN ccdant pour I'enzyrne therrnostable; 

ou un fragment de ladite sequence d'ADN codant pour une enzyme thermostable tronquee, enzymatique- 
: ment;activei ayant une activity ADN polymerase.; 

15 42. Sequence d'ADN selon la revendicatioh 39 ou 40, qui peut etre obtenu 

un precede comprenant 1' utilisation en; tant que sonde une partie de 1* AD N^g 
codant pour au moins six acides amines de la polymerase Taq. 



20 



43: sequence; d'ADN selon la revendication 42; : dans;;laquelle; la^ 



(a) le fragment d'ADfSl de Thermus aquaticus de - 1 1 5 bp EcoRI-adapte Alul de pFC85 (ATCC 67,421 ); 

(b) le fragrnent d'ADN de Thermus aquaticus de - 750 bp Bglll-Hiridll! de pFC83 (ATCC 67.422); 
: (c) le fragment d'ADN de T/iermas a{yt/af/cus Hindlll-BamHl de nnsert 

(d) le fragment d'ADN de TTiermus aquatos de 2,8 kb HindlM-Asp718 
25 ' (e) \eUagmenX 6' ADH6e Thermus aquatbusBamH^ 

44. Sequence d'ADN selon I'une quelconque des revendicatibns 39 ci 43, qui est de Thermus aquaticus. 

46. sequence d'ADN de TTier/nus aquat/ct/s selon la revendication 44, qui est bontenue a I'interieur d'un fragment de 
30 reMriction d'approximath/ement 3>5 kbSg^H^^ 

du bacteriophage CH35:Taq#4-2 ( ATCC 40,336): 

46. Sequence d'ADN ;de r/)er/ni/s aquaf/cus selon ^^te^ 

restriction d'approximativement 2;8 ;kb Hindi II tAsp71 8 soit du genome; de 77?ermLfs; aQoa feus; soil du plasmlde 
35 pFC85 (ATCC 67.421). 

47. sequence d'ADN selon rune quelconque des revendications 43 ^ 46, qui contient en outre le codon de depart ATG: 
^^^^^ : ;;4^^ 

40 ladite enzyme thermostable, 

:; : ;49^ A/ect 

. , yehdications 39 a 48. : 

45. 50, Vecteur recombinant selon la reveridication 49, qui est CH35:Taq#4-2(ATCC 40,336), pFC83 (ATCC 67,422), ; 
:pFC85 (ATCC 67,421), ou jun vecteur dont Tinsisrt est compose du fragment d'environ 750 bp Bglll/Hindlli de 
: pFC83etdu fragment d'envlron 2.8 kbp Hindm/Asp71 8 de pFC85. ■ 

^ ; ; : 

;;-:;:;;; ;5iJ^ 

!;;{ ;tiyit^;;ApN 

::;';;,: ^:^:;;:.^: 

55 ; une ; masse: r^^^ 000; A 90 000, t^^^^ deternninee en foncti6n;de sa migration sur SDS-^^ 

^^^^■^^:;^:;;^:^- :: ; :;;^^ 

: bumine;(45 0Q0);ranhydrasecarb'^^ le lysbzynhe (14400). 
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53. Enzyme recombinante ou modification de celle^i seloh la revendication 52i qui est exempte d'activite d^soxyri- 
bonucl6ase thermostablecontamihahte. 

54. Enzyme recombinante ou iViodification de celle-ci selon la revendication 52 ou 53, qui n'est pas denatures de fagpn . 
irremediable loirsqu'elle est soumise ^ux temperatures eiev^es pendant le temps n^cessaire pour effectuer la 
d^naturation des acides nucl6iques double brin, 

55. Enzyme recombinante ou modification ,de celle-ci selon Tune quelconque des revendications 52 ^ 54, ayant,^ pH 
6,4, au rhoins 50% de l'activit6.qu'elle a^ pH 8,0. 



56. Gompositlon d'enzyme stable comprenant une enzyme thiemriostable ayant de I'activitd ADNipc>lym6rase, seloh 
I'une quelconque des revendications 32 a 38, une enzyme thermostalDle recombinante ou un fragment de celle- 
ci ayantde:i'activit6:ADNpqlyn^ 

recombinante pu une modifica^^^^ ADN:poVm6rase seton I'une quelconque des rer 

15 ;; vendications-52:^ 55, daris uri tannpon cbmpre^ . 

de.sorbitanne et un riony!ph6i^^^^^^ 

5^ 

:: : duij^^^ 

25 ■ ■ v;cie;is6riDita def : lavgSlatjne;;. : ;^ 

: 60; iUtilis^^ 
c^ 

: que revehdique dans 
30 -y d'uiiemodificatiGn-de^c 
;des irevendication s 

: I'activite: ADN PPlynn^ras^ iselon I'une quelcbrique deis reviBndications;52 ;^ 55; d'une;con1posit stable 
- riselon cbmpositioh; d'enzyme stable preparee selon; I'une ^ 

: icjuelconquie des reveridic 
35. - . ' ' . ■■■ ' . 

: :61V: Prcwii6d6 pour rampHficatibni dp comprenant rutilisatipn dlune: enzyme thermostable 

; -i^fit dei;^^ revendications 32 4 38; bu d-une enzyme; the rV> 

■y. '■ '.. ,';.:; ; : m uh proc6d6 tel que revendicju6 daris- I'uhe quelcbri 

deis ;i;^^ de . 

k^O: : ; :: rk;tiyit6:;i|vp 27- d'una;; 

; enzyme celteKJi,; ayant de Tactiyit6 ADN poiym 

; ; ;;; l!une;:q 
V vxjTeyendicati 
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